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and outline of the thesis
Section I
General introduction 
Quote Ab ovo – Horace, Ars Poetica and Satirae






Being a paediatrician, subspecialised in neonatology, and having developed a particular 
interest in emergency care and medical education, it was a rather straightforward 
decision for me to devote my scientific attention to research on paediatric and 
neonatal life support and, more specifically, educational aspects in this regard. When 
planning the project, we conceptualised and designed our studies in such a way, that 
part of the research dealt with paediatric emergency care and part related to acute 
neonatal care. The choice for the topics of the individual studies of this thesis was 
based on personal experiences and observations, both in the context of clinical care 
and (simulation) training. During our daily work and educational activities, we noticed 
certain particularities, which led us to study the corresponding medical literature. 
While doing so, it became evident that the realm of paediatric and neonatal resuscitation 
was well-explored, but still featured significant knowledge gaps, especially with respect 
to the particularities we identified. We can provide various examples of these gaps. 
 First, important life-saving skills, such as the ones required for paediatric basic 
life support (PBLS) and neonatal intubation, were ubiquitously trained, though the 
assessment of these skills still involved a non-standardised procedure using locally 
developed, inadequately validated checklists. As a result, we deemed it necessary to 
design and validate appropriate assessment instruments for these purposes. Second, 
while studying the medical literature, we were struck by the fact that resuscitation 
knowledge and skills were oftentimes examined on a previously announced moment. 
This allows for just-in-time preparation and therefore does not accurately reflect 
the ad hoc resuscitation capabilities of paediatric professionals. Surprise visits with 
impromptu examinations seemed to be a better way to obtain a reliable impression 
of professionals’ life support skills. Third, peer teaching was already known to be an 
effective educational modality for the transfer of resuscitation knowledge and skills, 
and it was implemented as such in our centre and elsewhere. Nevertheless, information 
about the effect of peer teaching on another essential prerequisite for successful 
resuscitation, that is self-efficacy, was lacking. So, we were determined to elucidate 
whether PBLS-related self-efficacy was different in peer-instructed versus professional- 
instructed trainees. Fourth, on our ward and in our simulation facility we observed on 
more than one occasion that paediatric healthcare professionals did not properly 
comply with the resuscitation guidelines. We wanted to substantiate these observations 
by investigating guideline adherence more formally in a research setting. Also, advice 
on how to improve guideline adherence seemed warranted. Lastly, formal and informal 
communication with colleagues from our own country and abroad revealed that 
resuscitation training methods differed among hospitals, institutions, and countries. 
We were therefore keen to survey the ways in which paediatric and neonatal life 
support training was effectuated in actual practice in various European hospitals and 
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Background information
Paediatric basic life support
Cardiopulmonary resuscitation (CPR); basic and advanced life support
CPR can be defined as a life-saving procedure meant to temporarily support breathing 
and circulation in a person with respiratory failure and/or cardiac arrest, during which 
artificial ventilations (rescue breaths) are alternated with chest compressions in 
order to deliver a critical amount of oxygen and blood flow to the heart, brain, and 
other vital organs in an attempt to minimise the detrimental effects of the cardio-
pulmonary arrest.1 
 Basic life support (BLS) – commonly subdivided in adult BLS for adolescents and 
adults, and paediatric BLS for infants (except newborns at birth) and children (until 
puberty) – involves the emergency management of a casualty suffering from compromised 
vital functions, with the aim to preserve life, by providing airway, breathing, and circulation 
support without advanced medical equipment, solely relying on several non-invasive 
procedures. BLS encompasses the structured approach to the victim and assessment 
of his/her vital functions, calling for medical assistance (emergency medical services, 
EMS), and, if necessary, the delivery of CPR, including the application of an automated 
external defibrillator (AED). First aid skills and emergency care, such as relieving a 
foreign body airway obstruction (FBAO), haemorrhage control, immobilisation, and the 
recovery position are usually also categorised under BLS and trained in the corresponding 
courses. BLS is typically performed by first-responders in anticipation of advanced 
medical care.1-4
 Advanced life support (ALS) – by analogy with BLS also existing in two variants, 
namely adult ALS and paediatric ALS – is performed by trained healthcare professionals 
and can be regarded as an extension to BLS. It commonly includes advanced airway 
management (endotracheal intubation, supraglottic airway), monitoring devices (electro - 
cardiogram (ECG), pulse oximetry, non-invasive blood pressure (NIBP) measurement, 
capnography), manual defibrillation, intravenous drug therapy (glucose, vasoactive 
and anti-arrhythmic medications), and/or fluids (crystalloids, packed cells).3,5 
Epidemiology and outcomes of paediatric out-of-hospital cardiac arrest (OHCA)
PBLS is meant to be used in case of paediatric OHCA. This is a rare event in children. 
The incidence of paediatric OHCA is approximately 1-20 per 100,000 paediatric person-
years.6-9 Infants are most often affected. Notwithstanding the rare occurrence of 
paediatric OHCA, the potential years of lost productive life are considerable.7 
Paediatric OHCA most often occurs in private residences.7,8,10 Various conditions may 
culminate in paediatric OHCA. A non-exhaustive list of causes includes trauma, traffic 
accidents, suicide, child abuse, drowning, FBAO (choking), other forms of asphyxia, 
congenital and acquired cardiac anomalies, severe respiratory illness, central nervous 
to what extent paediatric clinicians availed themselves of the various training 
opportunities. Based on these gaps and considerations, we were able to select 
meaningful topics for our studies and formulate specific study objectives. By realising 
these objectives, we meant to contribute to the advancement of this field of interest. 
Of note, all topics pertained to training, assessment, and adherence in the context of 
paediatric and neonatal life support, hence the (sub)title of this thesis. 
  A PhD project is not only meant to yield findings and produce reports that move 
science forward, but also to educate the doctoral candidate in various facets of 
scientific research. In keeping with this, it was my explicit endeavour to get more 
acquainted with different investigational methodologies and study designs in the 
course of this PhD trajectory. That is the reason why various study types are 
incorporated in this thesis, including observational studies, randomised controlled 
trials, and a survey. 
 In order to be able to fully comprehend the contents of this thesis and critically 
appraise the study results, one needs a sufficient amount of background information. 
This information is provided on the following pages. These introductory passages are first 
and foremost meant to clarify the things that are described and discussed in the 
studies. In addition, they serve to portray the realm in which our studies were situated. 
In the process of delineating the context, we also defined the terms and concepts 
that were used in the various studies. By providing this kind of background information, 
we aimed to create a self-supporting entity, so readers do not have to consult several 
other sources of information to interpret this thesis. The background information is 
structured in such a way, that the title words (paediatric and neonatal life support) 
are elaborated upon first, followed by details about the words of the subtitle (training, 
assessment, and adherence) and a description of certain sub-topics (e.g. neonatal 
intubation and the ABCDE approach). 
 For the record, our studies focused on neonatal life support (NLS) and paediatric 
basic life support; we did not look into paediatric advanced life support (PALS). This 
was both a pragmatic choice – one has to focus on a particular subject matter and 
demarcate the area of interest – and based on the author’s perception that paediatric 
basic life support deserved more scientific attention.
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 Multiple strategies can be conceived to improve the outcomes of paediatric 
OHCA. In this regard, widespread training initiatives for PBLS should be effectuated, 
not only directed at adults, but also at children.6 Other important measures to 
improve paediatric OHCA outcomes comprise the realisation of ubiquitous AED 
availability, more training in AED application, improvement of dispatch and EMS 
systems, and advances in post-resuscitation care. In addition, novel technologies 
(prompts and feedback devices), team-based training with a special focus on crew 
resource management (CRM) principles, and approaches from educational psychology 
to improve self-efficacy may positively contribute to survival and post-event 
neurological functioning.17 In fact, all the individual components of the chain and 
formula of survival (see below) are amenable to improvement policies.4,18 This thesis 
mainly focuses on training aspects for in-hospital professionals, including the use of 
assessment instruments for formative assessment during procedural training, 
self-efficacy, and strategies to increase guideline adherence and retention of skills. 
Epidemiology and outcomes of adult OHCA
To put the aforementioned epidemiological and outcome data of paediatric OHCA 
into perspective, one should briefly be informed about the corresponding data for 
adults. These data also show considerable variation,19-23 again attributable to 
differences across registries, with variable case definitions and divergent population 
characteristics, as well as methodological discrepancies among the studies that 
generated these numbers and percentages. The estimated annual incidence of adult 
OHCA is 30-97 per 100,000 individuals, with a global average incidence of 55 per 
100,000 person-years.21 Most adult OHCA cases occur at home. Whereas respiratory 
causes predominate in children, adults mainly have cardiac aetiologies underlying 
their OHCA. Also, adult OHCA more often coincides with an initial shockable rhythm 
(pVT/VF) compared to paediatric OHCA. Bystander CPR and defibrillation (with an 
AED) are applied in 11-79% and 1-37% of adult OHCA events, respectively. Overall 
survival to hospital discharge (or 30-day survival) after adult OHCA is 0.5-20.4%, with 
a global average of 7-8.8%.21,22 Survival with favourable neurological functioning 
(Cerebral Performance Category (CPC) score 1 or 2, signifying normality/slight disability 
or moderate disability, respectively) is achieved in 1.6-18.2%. As stated above in the 
context of paediatric OHCA, survival and neurological outcome following adult OHCA 
are better in case of high-quality bystander CPR, AED utilisation, and initial shockable 
cardiac rhythms.24 Survival rates appear to improve slightly over the past decades.22 
Epidemiology and outcomes of paediatric in-hospital cardiac arrest (IHCA)
PBLS should also be the primary response to paediatric IHCA, although, being in a 
clinical setting, the BLS manoeuvres are often swiftly supplemented with and 
eventually supplanted by aids and procedures belonging to the realm of PALS. The 
system (CNS) disease, sudden infant death syndrome (SIDS), and accidental or 
intentional intoxication.6-8,11 In general, children predominantly experience a cardiac 
arrest secondary to respiratory compromise and the ensuing circulatory failure, 
instead of being primarily affected by cardiac arrhythmias, as is often the case in 
adults.5 The fact that asphyxia is the prevailing cause of cardiac arrest in children 
underlies the recommendation to include rescue breaths in the cardiopulmonary 
resuscitation of children whenever possible (Figure 1).5,12
 Many paediatric OHCA cases are not witnessed. Bystander CPR is attempted in 
17-63% of paediatric OHCA events.6,7,9-11,13 Also, AEDs are infrequently used in 
paediatric OHCA (0-32%); their use is especially rare in infants and young children.6-8 
The survival rate to hospital discharge after paediatric OHCA averages around 5-20%.6-
8,10,11,13-15 Unfortunately, this survival rate does not seem to improve in recent years.10,16 
Survival following hospital discharge is 92% at 1 year, 86% at 5 years, and 77% at 20 
years. These later deaths mainly result from anoxic brain injury and the sequelae of 
the accident that has befallen the casualty.13 In children, 5-83% of OHCA survivors 
have a favourable neurological outcome.6,8-11 The latter is usually defined as a 
Paediatric Cerebral Performance Category (PCPC) score of 1 or 2, indicating normal 
functioning in daily life or mild disability, respectively.10,11,13 The substantial variation 
in the figures for incidence, survival, and neurological outcome is mainly due to 
differences in paediatric OHCA definitions (e.g. in- or exclusion of traumatic and 
cardiac causes), characteristics of the included study populations, as well as 
socioeconomic, geographical, ethnic, behavioural, and biological disparities of the 
general populations from which the data are derived.8
 Several factors have a bearing on the outcome after paediatric OHCA, including 
the performance of bystander CPR, the quality of pre-hospital paediatric life support 
(PHPLS) provided by the EMS, resuscitation quality and acute care delivered in the 
emergency department (ED), and post-resuscitation care in the paediatric intensive 
care unit (PICU).14 Survival and neurological outcome are usually better in witnessed 
OHCA, when bystander CPR is provided, and when an AED is applied.5-9,11 In most 
reports, the survival rate of infants is inferior to that of older children and 
adolescents.6,7,10 This can probably be explained by the higher incidence of 
non-shockable initial arrest rhythms (pulseless electrical activity (PEA) and asystole) 
in the lower age group.6 First monitored shockable rhythms (pulseless ventricular 
tachycardia (pVT) and ventricular fibrillation (VF)) are encountered comparatively 
more often in adolescents.7,8,10 Shockable rhythms are generally associated with 
better outcomes than non-shockable rhythms, both in adult and paediatric patients.7 
This is illustrated by the fact that survival rates up to 50% have been reported for 
teenagers with first monitored rhythms of pVT or VF [as presented during the 2020 
European Resuscitation Council (ERC) congress].
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this time period. Also, the improved survival was not associated with increased 
neurological disability in survivors.26 However, there is obviously still room for further 
improvement.
 Strategies that have been suggested to improve the outcomes after paediatric IHCA 
– or explanations for the observed improvement in survival over the past decades – 
include the following:26 1) earlier recognition of critical illness precipitating cardiac 
arrest and timely transfer to the PICU; it should be noted, though, that paediatric 
early warning systems (PEWS) have not been consistently shown to yield better 
outcomes;5 2) extensive rehearsal of high-quality CPR by organising regular simula-
tion-based training sessions; 3) team training, including CRM; 4) audiovisual feedback 
during and debriefing after resuscitation; 5) improving resuscitation guideline 
adherence; and 6) investing in post-resuscitation care. Of these, simulation-based 
training and guideline adherence are important topics of this thesis.
Paediatric basic life support: the algorithm
The PBLS algorithm describes the step-by-step approach to a (potentially) critically ill 
child. The correct performance and sequence of the skills and tasks within this 
algorithm are detailed in various (inter)national resuscitation guidelines. Figure 1 
depicts the PBLS algorithm of the Dutch Resuscitation Council.12 This algorithm is a 
slightly adapted version of the corresponding algorithm issued by the ERC,5 which in 
turn is based on evidence collections published by the International Liaison 
Committee on Resuscitation (ILCOR).30 
 In all circumstances, safety should be a primary concern, both for the provider 
and the casualty. As PBLS alone is unlikely to result in sufficient recovery of the 
victim, rapid mobilisation of the EMS is needed to ensure the timely arrival of 
advanced medical support. An AED should be attached as soon as possible. Airway 
patency and the presence or absence of spontaneous respiration and circulation are 
assessed. The cornerstone of the algorithm consists of the performance of effective 
rescue breaths and chest compressions (CC) in case of cardiac arrest. In the hospital 
setting, paediatric healthcare providers are advised to deliver ventilations with a bag 
and mask, if available.5 Interruptions in rescue breaths and CC should be kept to an 
absolute minimum. Adequate performance of CPR can markedly improve myocardial, 
cerebral, and systemic perfusion and will probably result in improved outcomes.9,17,25
 Although it is not explicitly depicted as such, one can definitely perceive the 
airway, breathing, and circulation (ABC) sequence (see below) in the PBLS algorithm. 
The use of this sequence, which highlights airway opening and breathing support as 
first priorities, and the incorporation of rescue breaths in the PBLS algorithm tally 
with the notion that asphyxial aetiologies underlie most cases of cardiac arrest in 
children.30 Although providers may apply adult BLS to a child if they are not competent 
in PBLS,5 the delivery of chest compressions-only CPR is not recommended in children 
incidence of paediatric IHCA is 0.34-0.77 per 1000 hospital admissions.16,25 This 
incidence is considerably higher than that of paediatric OHCA, evidently due to the 
concentration of morbidities predisposing to cardiac arrest in the hospital 
environment. Paediatric IHCA occasionally occurs on normal paediatric wards and in 
emergency departments. Nevertheless, the main event location is the paediatric 
(cardiac) intensive care unit.17,25 Approximately 2-6% of the children admitted to the 
PICU suffer from a cardiac arrest.25,26 The most prevalent causes of paediatric IHCA 
are sepsis, hypoxic respiratory failure (e.g. pneumonia), hypovolaemic or cardiogenic 
shock, and cardiac arrhythmia.17,25 Most instances of paediatric IHCA involve a first 
monitored rhythm of asystole or PEA;17,25,26 only a small minority of patients presents 
with a shockable rhythm.16,26 
 Until recently, a survival rate to hospital discharge of 25-37% has been reported 
for children sustaining IHCA.9,15,17,26,27 By comparison, survival to hospital discharge 
after adult IHCA is 18-21%.16,17 Factors favouring the return of spontaneous circulation 
(ROSC) and survival after paediatric IHCA include the delivery of high-quality, 
guideline- compliant CPR, presence of a shockable arrest rhythm, and admission to 
a hospital staffed with paediatric professionals or to a specialist paediatric 
centre.16,17,27,28 Children’s hospitals probably benefit from a higher exposure rate to 
cardiac arrest events compared to general hospitals.16 A remarkable epidemiological 
finding is the observation that infants and preschool children survive IHCA more 
often than older children. This is in contrast to paediatric OHCA, which often entails 
a lower survival rate for infants, as mentioned above. At least one reason for this 
noticeable difference is the fact that the dismal outcome in infants with OHCA is 
frequently caused by unwitnessed arrests featuring non-shockable rhythms (e.g. 
SIDS), while less devasting conditions supposedly precipitate IHCA in infants.16 Infants 
and young children also have a more compliant chest wall, which may render CPR 
more effective.17 According to several publications, the majority of IHCA survivors 
(75-90%) has good neurological functioning (PCPC 1 or 2),9,17,25 although others have 
reported somewhat lower rates of good neurological outcome following paediatric 
IHCA (17-71%).15,16 Of the survivors, approximately 80% is still alive 10 years after 
hospital discharge.13 
 Outcomes of paediatric IHCA, more specifically ROSC and survival, have improved 
over time. Survival to hospital discharge was less than 10% in 1970, 13.7% in 1990, 22% 
in 2006, and 25-54% in recent reports.16,17,25  Holmberg et al. found that survival after 
paediatric IHCA events requiring CPR in the United States improved between 2000 and 
2018, with a 19% absolute increase in survival for in-hospital pulseless cardiac arrests 
and a 9% absolute increase in survival for non-pulseless events.29 According to Girotra 
et al., survival to hospital discharge after IHCA improved from 14.3% in 2000 to 43.4% in 
2009.26 Moreover, these authors demonstrated that this improvement took place in 
spite of a temporal trend towards more cases with a non-shockable cardiac rhythm in 
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as opposed to the recommendation in adults, in whom the omission of rescue breaths 
is accepted – and in some situations even advocated – based on the fact that most 
adult arrests have cardiac aetiologies.5,25
Neonatal life support
Definitions, incidence, underlying principles, and causes
Neonatal life support (NLS) is the structured approach to a compromised newborn at 
birth, involving the assessment and temperature management of the newborn and, 
if necessary, cardiopulmonary resuscitation, including positive pressure ventilation 
(PPV), chest compressions (CC), and medications (Figure 2). The term neonatal 
Figure 1. Dutch Resuscitation Council algorithm for paediatric basic life support.12
AED, automated external defibrillator
Unresponsive child
(Let bystander) call 112
activate mobile phone speaker function
Open airway
Not breathing normally
5 initial rescue breaths
15 chest compressions
2 rescue breaths
Continue basic life support 15:2
Minimise interruptions in compressions 
and breaths
When AED arrives, attach it,
and follow the spoken instructions
If child does not respond
(does not wake up, move, or breathe normally)
Send bystander for 
AED
Single rescuer and no 
phone available
After 1 minute:
call 112 and fetch an 
AED if readily available
Figure 2. Dutch Resuscitation Council algorithm for neonatal life support.40




























































Inform parents and debrief team
Reassess heart rate every 30 seconds































When convinced of chest movement:
If heart rate <60/min after 30 seconds of ventilations, start 
chest compressions and give extra oxygen
3 compressions to 1 ventilation
If no increase in heart rate look for chest movement
If chest not moving:
Recheck head position
Consider 2-person airway control and
other airway manoeuvres
Repeat inflation breaths
SpO2 monitoring ± ECG monitoring
Look for a response
Re-assess
If no increase in heart rate look for chest movement
If gasping or not breathing:
Open the airway
Give 5 inflation breaths
Consider SpO2 ± ECG monitoring
Assess heart rate, breathing, colour (and tone)
Dry the baby
Remove wet towels. Cover.
Start the clock or note the time
Birth
(Antenatal counselling)
Team briefing and equipment check
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in NLS. In case of high-risk deliveries, the team should consist of well-trained 
professionals with at least one person proficient in endotracheal intubation.31,40 
 NLS is a comparatively predictable event.31 When the birth of a compromised 
baby is anticipated, providers usually have a short period of time to prepare for the 
situation. Preparation starts with briefing the team, assigning roles to all team 
members, agreeing on modes of communication, warming the environment and 
making it free of draught. Various measures should be taken to maintain the infant’s 
body temperature, including a cap, thermal mattress, radiant warmer, and warm dry 
blankets. For preterm infants (<32 weeks of gestation), additional measures are 
recommended, such as a plastic wrap and the use of heated and humidified gases.40 
In the author’s own institution, preterm infants are also placed in an incubator 
directly after birth to prevent hypothermia. Ensuring an adequate admission 
temperature is important, since hypothermia immediately after birth is independently 
associated with increased morbidity and mortality in term and preterm 
newborns.31,40,43 Furthermore, all equipment and medications should be checked. 
Once the baby is born, the successive steps of the NLS approach should be followed, 
as delineated in Figure 2. 
 The infant is briefly assessed, mainly focusing on the amount of spontaneous 
breathing and the heart rate. If needed, airway opening manoeuvres should be carried 
out, followed by five inflation breaths. Techniques and applied inspiratory pressures 
are described in the guidelines.31,40 Pre-ductal oxygen saturation and heart rate are 
monitored with a pulse oximeter and ECG, respectively. When chest excursions are not 
witnessed and an increase in heart rate and oxygen saturation fails to occur, the airway 
is not open and alternative techniques should be attempted to establish a patent 
airway to allow for effective ventilation (see Figure 3 and the paragraphs on neonatal 
airway management below). Careful use of suction is warranted; it should be restricted 
to situations of airway obstruction. Suction may result in vagal bradycardia, among 
other complications. Extra oxygen may be supplied once the airway has been opened 
and the heart rate and oxygen saturation do not improve in spite of apparently 
adequate PPV. 
 In the unlikely situation that the heart rate does not rise above 60 bpm despite 
the delivery of effective respiratory support, CC must be initiated.  Recommendations 
for the correct performance of CC are described in detail in the Dutch and ERC 
guidelines.31,40 Ideally, providers use the two-thumbs encircling technique (Thaler 
method), with the thumbs placed on the lower part of the sternum. A compression 
depth of one-third of the anterior-posterior chest diameter should be endeavoured, 
with full chest recoil in between compressions. CC and ventilations are delivered with 
a ratio of 3:1; together, they should add up to 120 events per minute. Whereas the ERC 
guideline suggests the possibility of increasing the oxygen supply (towards 100%) at 
commencement of CC,31 the Dutch NLS guideline literally prescribes the increment in 
resuscitation should be reserved for those circumstances in which a lifeless baby 
requires more than respiratory support for lung aeration. This is distinct from the 
situation in which a basically healthy newborn requires some (respiratory) support to 
smoothen the transition from intrauterine to extrauterine life. Therefore, the latter 
should be referred to as support of transition. If support of transition is inadequate, 
newborns may deteriorate to a state requiring genuine resuscitation.31 Moreover, 
incorrect initial cardiopulmonary support may contribute to pulmonary damage, 
particularly in preterm infants, and may result in ongoing hypoxia and poor tissue 
perfusion, thereby exacerbating cerebral injury.32 
 Approximately 5-10% of (near) term newborns require support of transition to 
initiate breathing and aerate the lungs. True neonatal resuscitation, including CC and 
epinephrine administration, is only needed in a very small minority (≤0.1-1.0%) of all 
newborn infants.31,33-41 The fact that newborns hardly ever require CC and inotropic 
medications at birth accords with the concept that respiratory causes almost 
invariably underlie cardiopulmonary collapse in the delivery room. Primary cardiac 
causes are rare. In keeping with this, establishment of a patent airway and adequate 
breathing support are of paramount importance; without these interventions, further 
resuscitative efforts are usually futile and will not result in recovery.31
 As with the PBLS guideline, the ABC approach is not overtly present in the NLS 
algorithm, though its principles are unmistakably incorporated in the workflow of 
neonatal life support. According to this ABC approach, which will be described in more 
detail below, providers should not proceed to the next step of the algorithm if the 
preceding step has not been appropriately managed yet. The importance of this 
concept, and thus, in this context, the performance of adequate neonatal airway 
management, has been illustrated by a study showing that 62% of newborn infants 
received CC as a result of ineffective ventilations, with an incorrectly positioned 
endotracheal tube in 13%.41 These findings match our own clinical experiences. As 
Perlman previously stated: ‘The appropriate therapeutic response to continuing 
neonatal depression should be to optimize ventilatory support before administering 
chest compressions or medications.’41 
 The aetiology of cardiopulmonary depression at birth is quite variable. Conditions 
that are associated with fetal and neonatal compromise include congenital and 
perinatal infections, meconium aspiration, intrapartum complications, immaturity with 
severe infant respiratory distress syndrome (IRDS), the sequelae of placental 
insufficiency, congenital heart, brain, lung, and airway anomalies, and so forth.42 
Preparedness, preparation, and performance
In all situations, the possible need for support of transition or neonatal resuscitation must 
be recognised by those attending a delivery. Thus, all providers, including trainees 
and the ones providing support during home deliveries, should be sufficiently trained 
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 Boldingh et al. provided some insight into the short-term and long-term outcomes 
following resuscitation at birth.32 They found a mortality rate in resuscitated, 
asphyxiated infants of 10% in high-income countries and 28% in low-income countries. 
In their study, up to 70% of the survivors of severe perinatal asphyxia developed hy-
poxic-ischaemic encephalopathy (HIE) of varying severity.32 Therapeutic hypothermia 
has been shown to mitigate the deleterious effects of perinatal asphyxia, thereby 
reducing the risk of death and neurodevelopmental impairment.32 An elaborate 
overview of the incidence, fatality rate, long-term consequences, and societal disease 
burden (e.g. the number of disability adjusted life years) of intrapartum hypoxic 
events, both regionally and globally, can be found in the extensive work of Lee et al.45
Neonatal resuscitation training
While the effect of various resuscitation training modalities on patient outcomes 
remains to be elucidated, it has been demonstrated that accredited neonatal 
resuscitation training (NRT) for healthcare professionals improves the outcome of 
newborn infants.36,46,47 In Europe, such training is provided by means of the Newborn 
Life Support (NLS®) and European Paediatric Advanced Life Support (EPALS®) courses 
of the ERC. In other parts of the world, professionals caring for neonates are able to 
attend the Neonatal Resuscitation Program (NRP®), which has been developed by the 
American Heart Association (AHA) and the American Academy of Pediatrics (AAP).  
 In addition to the abovementioned courses in neonatal life support immediately after 
birth, novel courses have been developed in recent years to enable professionals to 
acquire advanced knowledge and skills for the treatment of newborns deteriorating 
on the ward. In 2014, the Resuscitation Council in the United Kingdom launched a new 
course called Advanced Resuscitation of the Newborn Infant (ARNI). The focus of this 
course is on both technical (advanced airway management, chest drain insertion, and 
post-resuscitation care) and non- technical (team communication) skills.48 The Dutch 
equivalent of ARNI, the Neonatal Advanced Life Support (NALS) course, started in 2017.49 
Both courses are meant for advanced level neonatal care providers and require an 
NLS providers course certificate.
 More information on resuscitation training will be provided below.
Neonatal airway management
Neonatal airway anatomy 
The architecture of the neonatal airway is markedly distinct from the airway anatomy 
in older children and adults.50,51 Newborn infants have a comparatively large 
neurocranium with a prominent occiput, which causes flexion in the neck when the 
infant is in the supine position, easily leading to airway obstruction. The neonatal 
airway is most patent with the infant’s head in a neutral position, which can be 
facilitated using a shoulder roll. Overextension stretches and thereby narrows the 
oxygen at the start of CC (if not already done).40 The truth is that there is a lack of 
evidence regarding the administration of supplemental (100%) oxygen in newborns 
requiring CC, even though this appears to be sensible.31
 In the even more improbable situation that medications (e.g. epinephrine) are 
needed, because the performance of effective ventilations and compressions does 
not lead to recovery, intravenous access should be established by means of inserting 
an umbilical venous catheter (UVC). If necessary, intravenous dextrose, fluid boluses, 
and/or packed cells can also be administered through the UVC. Endotracheal 
intubation, although infrequently needed, can be considered during NLS for several 
reasons, as outlined below. It should be emphasised that the endotracheal route for 
epinephrine administration is definitely not preferable and this should only be done 
as a last resort when other options failed.31,40 
 Interestingly, there are a few subtle differences between the NLS guidelines of 
the Dutch and European Resuscitation Councils. The Dutch guideline explicitly 
recommends to ventilate an additional 30 seconds after the initial 5 inflation breaths 
before CC are started, advises a slightly different rate of ventilations (30-60/min 
instead of 30/min), prescribes the use of extra oxygen when CC are initiated, mentions 
the possible use of an intraosseous access during NLS, and completely discards the 
use of sodium bicarbonate.40 
 After successful support of transition or resuscitation, parents should receive clear 
information about the event – in addition to what they might have witnessed 
themselves, for parental presence is an increasingly common phenomenon during 
NLS – and the team should be debriefed. The newborn is transferred to the neonatal 
ward or neonatal intensive care unit (NICU) for further (post-resuscitation) management, 
the discussion of which is beyond the scope of this general introduction. On the other 
hand, if severe bradycardia or asystole persists for more than 10 minutes in spite of 
effective CPR, the team may consider aborting the attempt.44   
Outcome after neonatal life support
The term perinatal asphyxia is commonly used to describe a condition in which 
cardio respiratory depression and organ damage result from insufficient oxygen 
supply (hypoxia) and poor tissue perfusion (ischaemia) either before, during, or 
directly after birth.32 Although definitions vary to some extent, perinatal asphyxia is 
mostly defined as an umbilical cord pH <7.0, a low Apgar score at 5 minutes of age, CPR 
for more than 10 minutes, and clinical signs of encephalopathy (seizures, comatose 
state, and/or depressed (amplitude-integrated) electro-encephalogram).32 Birth asphyxia 
accounts for 23-35% of neonatal deaths worldwide, which roughly translates into one 
million newborns dying from intrapartum hypoxia/ischaemia every year. Most of these 
asphyxia-related deaths occur in low-income countries.32,42 
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airway. Newborns also have a proportionally large tongue, occupying space in the oral 
cavity and pharynx. Therefore, it is important to lift the base of the tongue with 
specific manoeuvres and/or devices to open the airway, especially in hypotonic or 
sedated newborns. Additional anatomical features of the epiglottis (relatively floppy, 
long, and C-, U-, or Ω-shaped), larynx (more cephalad and anterior position), arytenoids 
(relatively large, with a more midline position of the aryepiglottic folds), and vocal 
cords (inferior insertion) make the neonatal airway significantly different from the 
adult airway. The narrowest part is at the cricoid/subglottic level, just below the vocal 
cords. Trauma to this region of the neonatal airway, e.g. as a result of inadequate 
endotracheal intubation, may lead to critical narrowing of the upper airway. The 
neonatal trachea is rather short. This may predispose to deep tube placement and 
right mainstem bronchus intubation. Furthermore, the cartilage of the neonatal 
larynx and more distal airways is soft. As a result, external compression can easily 
conduce to airway stenosis.    
Neonatal airway management
The neonatal airway can be managed non-invasively and invasively (Figure 3). Based 
on the aforementioned anatomical considerations, it is evident that a neutral head 
position and correct airway opening manoeuvres (chin lift, jaw thrust) are essential to 
establish and maintain neonatal airway patency. Nasopharyngeal tubes (NPT) and 
oropharyngeal airways (OPA) serve a similar purpose: they are meant to keep the 
tongue in a more anterior position, so it does not rest on the posterior pharyngeal 
wall and cannot block the upper airway, provided that the appropriate size is carefully 
selected. An inadequately sized NPT or OPA can worsen the obstruction or be 
ineffective in alleviating the obstruction.50 The 2-person technique, during which one 
person performs a bilateral jaw thrust and holds the mask in place, while a second 
person is responsible for the ventilations, is often beneficial, probably because one 
person is completely focused on keeping the airway open. Suctioning the nasopharynx, 
oropharynx, and trachea may be necessary, inasmuch as various substances (vernix, 
amniotic fluid, secretions, or meconium) can easily obstruct the already narrow upper 
airways. 
 The laryngeal mask airway (LMA) is a specific subtype of supraglottic airway 
(SGA). The LMA is a convenient device to fill the gap between mask ventilation and 
intubation. That is, when mask ventilation proves to be difficult or ineffective, and a 
provider is not proficient in neonatal intubation, placement of an LMA can be a helpful 
intermediate step. LMAs are basically meant to temporarily support the airway; they 
are not meant to be used for prolonged PPV and are less secure than endotracheal 
tubes.50 In neonates, an LMA can probably be safely used ≥34 weeks of gestation or 
≥1500-2000 grams of birth weight.31,52 A recent Cochrane review demonstrated that 
LMA reduced the need for intubation, the ventilation time, and the admission to the 
Figure 3. Neonatal airway management.
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 For tube insertion, either direct or video laryngoscopy can be employed. Video 
laryngoscopy is currently used in a minority of the NICUs, although its star is rising, 
based on positive clinical experiences and favourable study results.50,54 There are no 
convincing advantages of nasal intubation over oral intubation or vice versa.55 
Intubation route is therefore mainly influenced by local traditions and personal 
predilections. 
 As neonatal intubation is a complex procedure, it should be adequately prepared 
to ensure that all the necessary information is gathered, premedication is prepared 
and double-checked, intravenous access is in place, gastric tube is removed on 
request, all the necessary equipment is available and checked, including a functioning 
ventilator, suction system, and oxygen delivery device, and a sufficient number of 
adequately trained professionals is present.50 Checklists and CRM principles are 
advised for briefing, optimal intubation circumstances, task allocation during the 
procedure, smooth intubation performance, debriefing, and post-intubation care.50 
This is the way in which the neonatal intubation procedure is arranged in the author’s 
own institution.
 A detailed description of the neonatal intubation procedure itself is beyond the 
scope of this general introduction and can be found, among others, in the publications 
by Wyllie and Park et al.50,51 These papers also elaborate on the preparation process 
and post-intubation care, and describe various considerations, options, and special 
circumstances with regard to neonatal intubation.50,51 The often indicated time limit 
for neonatal intubation (30 seconds) is not regarded as a reasonable criterium by all 
professionals in the field. A more realistic aim is to perform the procedure as quickly 
as possible, while keeping vital parameters (oxygen saturation and heart rate) within 
safe limits.51 Upon tube insertion, confirmation of adequate tube placement can be 
obtained in various ways, including direct visual inspection of the marker on the tube, 
condensation of the tube, chest rise, an increase in oxygen saturation and heart rate, 
exhaled CO2 detection, and a chest radiograph or ultrasound examination.31,50
 Neonatal intubation is associated with complications in a considerable number 
of events (20-69%).50,54 These adverse events include: hypoxaemia, bradycardia, 
hypotension, oesophageal or right main bronchus intubation, airway trauma, and 
increased intracranial pressue.51,54,56,57 Such adverse events especially occur during 
emergency intubations. Hatch et al. demonstrated that emergency intubations are 
associated with more than four-fold increased odds of an adverse event.57 Having 
(had) a tube in place also predisposes to additional potential complications, such as 
subglottic stenosis, damage to the nasal passage, palatal grooving, and ventilator-as-
sociated pneumonia.51 
 Several factors have been identified that reduce the risk of complications and 
increase the chance of a successful neonatal intubation. First, the use of sedation 
and particularly paralytic premedication conduces to easier intubation procedures, 
NICU. In studies that allowed LMA rescue for infants who could not be successfully 
managed with bag-mask ventilation, it was possible to avoid intubation in the 
majority.52 Inasmuch as LMA was found to offer comparable efficacy to endotracheal 
intubation, it can be regarded as a useful alternative airway when endotracheal tube 
insertion fails during neonatal resuscitation.52 These findings support the usability of 
the LMA as an emergency airway during delivery room management and justify the 
claim that all neonatal healthcare providers should be trained in LMA use. It seems 
desirable to manufacture smaller sized LMAs for preterm infants,43 although current 
evidence is insufficient to support LMA use in infants <34 weeks of gestation.52
 Acronyms such as MRSOPA (Mask adjustment, Repositioning, Suctioning, Open 
mouth, Pressure increase, and Alternative airway) are useful adjuncts to help 
providers remember which interventions they can perform to obtain an adequate 
airway and ensure effective breathing support.39,42
 
Neonatal intubation
The most definite way to secure the neonatal airway is by endotracheal intubation. 
Intubation can be required for several reasons: ineffective mask ventilation, 
endotracheal suctioning of meconium in case of tracheal obstruction, to secure the 
airway during resuscitation, for specific conditions demanding primary intubation 
(e.g. congenital diaphragmatic hernia), to stent the upper airway in the presence of a 
pathological process threatening the patency of the neonatal airway, to administer 
endotracheal medication (surfactant), to supply oxygen more efficiently, to enable 
prolonged PPV, and to allow for anaesthesia in the context of diagnostic and surgical 
procedures.31,40,51 From this enumeration it can be concluded that neonatal intubation 
occurs in elective, semi-elective, urgent, and emergency settings.
 Neonatal intubation should be performed after administering appropriate 
premedication, consisting of analgesia, sedation, and/or muscle relaxation.50,51 The 
sole exceptions to this rule are the very compromised newborn in the delivery room, 
who does not respond to non-invasive ventilation and therefore needs to be intubated 
immediately, and the ‘crash’ intubation in a rapidly deteriorating neonate on the 
ward. In most circumstances, these babies are already unconscious. Various agents 
can be used for premedication, several of which are mentioned in the literature and 
also in the appendices of Chapters 6 and 7 of this thesis.50,51 Muscle relaxants have 
been shown to attenuate the increase in intracranial pressure during intubation. In a 
study investigating the added value of muscle relaxation, premedication with 
atropine, fentanyl, and mivacurium compared with atropine and fentanyl without a 
muscle relaxant decreased the time and number of attempts needed to successfully 
intubate a newborn, while significantly reducing the incidence of severe desaturation.53 
Based on these results, it seems prudent to include a short-acting muscle relaxant in 
the premedication for all non-emergent neonatal intubations.
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Potential of the ABCDE approach
The systematic ABCDE approach – acronym for Airway, Breathing, Circulation, 
Disability, and Exposure (or Environment) – is a consensus-based algorithm for the 
management of patients with suspected or established critical illness or injury, 
irrespective of their age and underlying morbidity.5,65 This approach is used in clinical 
practice and taught in life support courses around the globe. It is a structured 
assessment and treatment algorithm, applied during the primary survey of the 
patient, allowing healthcare professionals to identify and immediately respond to 
life-threatening conditions in order of priority (Figure 4 and 5).65,67 It is also an 
easy-to-remember mnemonic, which facilitates the management of complex clinical 
conditions by breaking them down into more convenient parts.65 With the ABCDE 
approach, treatment can be initiated in anticipation of a definite diagnosis. In 
addition, it serves as a ‘lingua franca’ in the critical care realm, ensuring that all 
members of a resuscitation team ‘speak the same language’, follow the same path, 
and share a common situational awareness.65 
 Experts believe that the ABCDE approach may improve the assessment and acute 
treatment of those in need of emergency care.5,65 By timely recognising clinical 
deterioration and decompensation of the respiratory (AB), cardiocirculatory (C), and/
or central nervous (D) systems, healthcare professionals may be able to perform 
adequate life-saving interventions before patients proceed to cardiac arrest requiring 
CPR.5 Based on these considerations, resuscitation guidelines recommend the use of 
this approach whenever critical illness or injury is suspected, regardless of the 
underlying cause.5,65,68 
Performance of the ABCDE approach
Figure 4 shows the approach to a critically ill child, as presented in the manual of the 
Dutch Advanced Paediatric Life Support (APLS®) course.68 If a quick clinical evaluation, 
e.g. using the Alert-Verbal-Pain-Unresponsive (AVPU) score, reveals that a patient is 
unresponsive, the child should be managed according to the PBLS/PALS guidelines 
and CPR must be initiated in case of cardiac arrest. Otherwise, the approach with a 
primary, secondary, and tertiary survey has to be followed. The primary survey 
encompasses the ABCDE assessment and the corresponding initial treatment. Figure 
5 zooms in on the ABCDE approach within the primary survey. Parenthetically, it 
should be noted that, in a strict sense, the ‘E’ is not part of the primary survey; 
information on temperature and skin abnormalities is especially relevant in the 
search for diagnostic clues, rather than being an important prerequisite for initiation 
of life-saving interventions.
 A safety assessment and control of catastrophic bleeding may precede the actual 
ABCDE approach.67 Importantly, the ABCDE algorithm is based on the adage ‘treat first 
what kills first’ and Styner’s original principle that one should not proceed to the next 
higher intubation success rates, and less adverse events.50,58 Second, the use of a 
video laryngoscope coincides with a reduction in adverse events.58 Third, more 
clinical exposure to and training in neonatal intubation are associated with greater 
success, shorter duration, and less undesirable complications of this procedure.54,56,59 
 However, the increased use of non-invasive ventilation and minimally invasive 
surfactant administration strategies, as well as the restricted duty hour standards 
and NICU rotations of residents have led to limited clinical exposure.60-63 Based on 
the literature and the author’s own experience, paediatric residents encounter no 
more than 3-5 occasions to intubate a newborn during their residency programme.64 
It has been stated that at least 40-50 neonatal intubations are required to achieve 
proficiency in this skill.63 The lack of real-life exposure, especially for those in training, 
automatically leads to the conclusion that regular simulation-based procedural 
training is necessary to maintain neonatal intubation competence.54 As O’Donnell put 
it eloquently: ‘The ability to intubate a baby is not some innate, otherworldly skill, 
bestowed only on the gifted. It is a learned physical skill. When performing any 
physical skill […] the aptitude of individuals varies and has some bearing on 
performance; however, practice has a much greater influence.’63 In other words, in 
order to acquire and retain proficiency in neonatal intubation, one should practise a 
lot, since practice makes perfect.
Systematic ABCDE approach
A brief history 
Although the conceptualisation of the ABC structure dates back to the 1950s, Styner 
should especially be acclaimed for the development and wide-spread implementation 
of the ABCDE approach.65,66 In 1976, Styner and his family crashed with a small 
airplane. From the ashes of this tragedy arose the Advanced Trauma Life Support 
(ATLS®). Styner noticed that the local hospital, to which he was admitted, lacked a 
proper delivery system to manage the acute trauma patient. He definitely wanted to 
make sure that, from that day forward, cases similar to his would be addressed more 
adequately, so he decided to train physicians to treat trauma patients in a systematic 
fashion. Being influenced by the Advanced Cardiac Life Support (ACLS) course, he 
came up with the ATLS. He and his co-workers conceived a system in which a problem 
had to be solved first before moving on to the next problem. Accordingly, the ABCDE 
structure was developed to define the priorities and consecutive steps of the 
assessment and initial treatment of critically injured patients. Ever since, many 
healthcare providers from different disciplines have been trained in the principles of 
ATLS all over the world.66
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Additional considerations
The ABCDE approach has conventionally been used in acute care settings. However, it 
can also be employed in other situations.67 That is, apart from its use during the 
primary survey of a critically ill patient, the ABCDE structure may also be utilised to 
guide medical hand-overs, format reports in patient charts, assess a stable patient 
on the ward, provide guidance during resuscitation education, and tailor post- 
resuscitation care.65 Furthermore, it can be used both inside and outside the hospital 
by basically every healthcare professional.65 
 Although many consider the ABCDE approach to be an axiomatic truth within the 
field of critical care, it is by no means evidence-based, but consensus- based.65,69 
Also, when comparing the ABCDE algorithms provided in the various guidelines, 
manuals, and publications on neonatal, paediatric, and adult life support, numerous 
step of the algorithm until the preceding problem has been adequately managed, 
if possible.66 In children, it is especially important to address the Airway and Breathing 
first, given the high incidence of upper and lower respiratory tract disease as a cause 
of cardiopulmonary failure. Once airway patency has been secured by appropriate 
manoeuvres and/or devices and breathing is sufficiently supported (e.g. using a 
non-rebreathing mask with high-flow oxygen), one may continue to assess and treat 
the remaining ‘letters’ in alphabetical order. Should deterioration occur, then 
reassessment is strongly recommended, starting at the ‘A’ again.5,65 
Figure 4. Advanced Paediatric Life Support approach to the critically ill child.68
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Figure 5.  ABCDE approach in the Dutch Advanced Paediatric Life Support  
course manual.68
AVPU, Alert-Verbal-Pain-Unresponsive
Preparation ●  Ask for help, inform team●  Calculate medication doses and fluid bolus, preparation of necessary equipment
●  Airway patency
●  Effort of breathing: respiratory rate, retractions, inspiratory and expiratory  
    breath sounds, groaning, use of accessory muscles of respiration, nasal flaring
●  Efficiency of breathing: symmetric chest rise, oxygen saturation, chest auscultation
●  Effects of respiratory failure on other organs: heart rate, skin colour, responsiveness
●  Cardiovascular signs: heart rate, pulse, capillary refill time, blood pressure
●  Effects of circulatory failure on other organs: respiratory rate,  
     skin colour/temperature, responsiveness, urinary output.
●  Responsiveness (AVPU)
●  Posture/tone
●  Pupils
●  (Don’t Ever Forget) Glucose
●  Effects of neurological problems on respiration
●  Effects of neurological problems on circulation
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 Data on adherence to paediatric resuscitation guidelines are relatively scarce.14 
During an in situ simulated paediatric cardiac arrest scenario, professionals showed 
a median total adherence score of 57%.14 Adherence was better when there was 
departmental specialisation: professionals from teaching hospitals, trauma centres, 
and paediatric emergency departments showed superior adherence.14 Professionals 
performing CPR for paediatric IHCA in children 1-8 years of age achieved PBLS 
guideline targets for CC rate in 54%, for compression depth in 19%, and for leaning in 
79%; only 8% performed CPR flawlessly.27 In this study, real-time audiovisual feedback 
improved compliance and thereby resuscitation quality. Basically the same group of 
researchers also investigated to what extent paediatric CPR guideline targets were 
met in children aged ≥8 years sustaining an IHCA.78 In the first 5 minutes of the 
resuscitation, CC rates did not meet guideline recommendations in 43%. Average CC 
depth was inadequate in 36% and incomplete chest recoil occurred in 37%. 
 Adherence to guidelines probably conduces to a higher quality of care and better 
patient outcomes.72 In the aforementioned review by Ebben et al., there was some 
indication that better adherence led to improved patient outcomes.71 Another 
systematic review demonstrated that Dutch evidence-based clinical guidelines could 
be effective in improving the process and structure of care. This study also found 
small but significant improvements in patient health outcomes as a result of the use 
of clinical guidelines.79 In addition, adherence to the American Heart Association 
(AHA) life support guidelines has been associated with improved survival.14,80
 When considering the rather imperfect compliance with the resuscitation 
guidelines in the abovementioned studies and the apparently positive correlation 
between guideline adherence and patient outcomes, then straightforward syllogistic 
reasoning leads to the conclusion that interventions aimed at improving guideline 
adherence are definitely needed. These quality improvement processes should not 
only involve the use of enhanced technology; educational and organisational 
interventions are also warranted.78
 In order to be able to devise strategies to improve resuscitation guideline 
adherence, one must be informed about the various factors that either positively or 
negatively affect this adherence. The literature contains several studies that looked 
at these factors.70-72 Important barriers to guideline adherence are, among others, 
the complexity of the guidelines, the lack of a firm evidence base supporting the 
guideline recommendations, insufficient awareness of and familiarity with the 
guidelines, the existence of different or even contradictory guidelines on the same 
topic, professionals’ personal autonomy and their habit of experience-based practice, 
and the sheer volume of guidelines a provider has to gain knowledge about. On the 
other hand, specialisation of healthcare professionals, departments, and institutions 
may positively influence guideline adherence, as described above. Other facilitators 
in this context are cognitive aids, such as checklists, and the provision of feedback, 
subtle differences can be perceived among these approaches.5,65,67,68,69 In other words, 
at this moment, there is no single, universal ABCDE approach, which can be applied in 
all circumstances, irrespective of the patient’s age or the cause of the critical illness 
(e.g. traumatic vs. non-traumatic). In order to enable every physician to manage every 
vitally unstable patient it may be desirable to design and validate a universal version 
of the ABCDE approach. Much work remains to be done to arrive at such a uniform and 
evidence-based ABCDE approach having a favourable impact on patient outcomes. 
Nevertheless, it already is a very useful algorithm that provides guidance and clarity in the 
initial assessment and treatment of those in need of emergency care. 
Guideline adherence
Clinical practice guidelines are systematically developed documents to assist 
practitioner and patient decisions about appropriate healthcare for specific clinical 
circumstances.70,71 Guidelines are meant to encourage best practices by offering rec-
ommendations based on the most recent evidence in the field, thereby reducing 
inadequacies and disparities in patient care, with the ultimate aim to improve the 
quality of care and patient outcomes.71 As such, guidelines are nowadays considered 
to be necessary prerequisites for the realisation of uniform and high-quality 
healthcare.72
 Developing a guideline is one thing, implementing it effectively and ensuring proper 
adherence to it is quite another. Myriad guidelines and protocols are currently used in 
clinical practice, also in the field of resuscitation and critical care, but an important gap 
appears to exist between recommended care and actual practice.71 In keeping with this, 
a large study by McGlynn et al., investigating adherence to guidelines for diverse 
conditions in numerous settings and disciplines, revealed that adults in the USA only 
received 55% of recommended preventive, therapeutic, and follow-up care.73
 Looking at adherence to resuscitation guidelines in particular, there are various 
reports available describing the extent to which providers abide by the adult and 
newborn life support guidelines.14 In their systematic review on adherence to 
guidelines in the prehospital and emergency department (ED) setting, which included 
35 articles, Ebben et al. found median adherence percentages ranging from 7.8-95% in 
the prehospital setting, and from 0-98% in the ED setting.71 The results of this study 
implied that many patients in the prehospital and ED setting do not receive the most 
appropriate care.71 In a study including 176 adult patients with OHCA, who received 
CPR by paramedics and nurse anaesthetists, chest compressions were not delivered 
half of the time and most compressions were too shallow.74 Furthermore, the ABCDE 
approach was not performed in 67% of (potentially) unstable adult patients admitted 
to a Dutch emergency department.69 Research in the delivery room has also 
demonstrated that a substantial part – e.g. 54% in the study by Carbine et al. – of 
neonatal resuscitations deviates from guideline recommendations.34,35,38,75-77 
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 Instructor-led vs. self-directed learning: Traditionally, instructor-led courses have 
constituted the mainstay of resuscitation training. However, it has been shown that 
self-instruction with synchronous or asynchronous hands-on practice can be an 
effective alternative to instructor-led training for both lay persons and healthcare 
providers.81,84 Examples of self-directed learning in this regard are video-based 
learning, online training programmes, and applications on mobile phones. 
 Blended learning involves the combination of different educational interventions. In 
this format, pre-course activities, such as manual reading, video-based self- 
instruction, or completion of an interactive e-learning, are followed by hands-on 
practice during the actual, reduced duration, instructor-led course. In order to 
increase the chance of adequate retention of skills, these training modalities should 
be complemented by sufficient clinical exposure and regular, multifaceted, in situ 
booster training in between formalised resuscitation courses.46 Evidence has been 
assembled to support the use of blended learning. An e-learning ALS course was 
equally effective in terms of participants’ acquisition of ALS skills compared to a 
conventional ALS course.85 Such a blended learning approach has additional benefits: 
participants have more autonomy, courses are more cost-effective, less instructors 
are needed, and course contents can be better standardised and faster amended/
updated online.85 Online modalities also provide the opportunity to use interactive 
teaching materials, videos, pictures, and serious gaming.
 (Near-)peer education: Resuscitation training led by (near-)peers instead of 
professional (attending-level) instructors is another effective alternative to teach 
(basic) life support skills. (Near-)peer-instructors are competent, more available, and 
less expensive than expert-instructors. Moreover, (near-)peer teaching is also 
advantageous to the junior instructors themselves, for it enables them to develop 
and maintain didactic, assessment, organisational, leadership, and research 
skills.81,86,87
 Simulation-based training: A systematic review and meta-analysis on simulation- 
based resuscitation training for healthcare professionals demonstrated improvement in 
knowledge and skills compared to no intervention and, to a lesser extent, training 
without simulation.88 Simulation intends to mimic actual practice as accurately as 
possible. The level of realism attained during simulation-based training depends on 
several factors: the physical fidelity of the manikins used, environmental fidelity, 
emotional fidelity, and conceptual fidelity.89 The latter describes the extent to which 
scenarios involve physiologically plausible phenomena. High-fidelity manikins are 
capable of showing physical findings and vital signs, they can physiologically respond 
to interventions, and they are suitable for performance of various invasive 
procedures.81 Low-fidelity manikins lack these advanced possibilities and basically 
allow for chest compressions and ventilations. Cheng et al. performed a systematic 
review and meta-analysis to compare high versus low-fidelity manikins for ALS 
either by humans or devices.27,81 Chapter 8 will further elaborate on these barriers 
and facilitators, and on the corresponding recommendations to improve resuscitation 
guideline adherence.
Resuscitation education
The formula for survival
In 2003, the International Liaison Committee on Resuscitation (ILCOR) published a 
theoretical model of interacting factors influencing patient outcomes after cardiac 
arrest.82 A few years later, this model was transformed into the ‘Utstein formula for 
survival’ (Figure 6), which has remained a core concept in the realm of resuscitation 
ever since.18 Cheng et al. recently expanded the formula, mainly by including 
instructional design features to enhance educational efficiency, and thereby ultimately 
survival.83 The formula was not issued as a scientifically solid axiom, but as a 
conceptual framework in the attempt to identify the reasons for the variability in 
cardiac arrest outcomes around the globe and appropriately address the main 
determinants of patient outcomes.18 As can be appreciated from this formula, 
resuscitation education plays a significant role in the realisation of improved survival. 
In the past two decades, those involved in the field of resuscitation have become 
increasingly aware  of the fact that saving lives not only requires high-quality science 
and solid evidence, but also effective education of lay people and healthcare 
professionals.81  Resuscitation training is, of course, also meant for lay rescuers, life 
guards, school teachers, day care personnel, school children, and family members of 
patients at high risk for cardiac arrest.81 However, the focus of this thesis lies on the 
training of healthcare professionals, particularly paediatric practitioners. 
Instructional designs
Various methods of instruction can be employed during local training sessions and 
accredited life support courses to transfer resuscitation-related knowledge and skills 
to the candidates. Since some of our studies deal with these instructional methods, 
they will be briefly outlined in the following paragraphs. 
Figure 6. The Utstein formula for survival.18
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two instructional designs in the context of resuscitation courses is associated with 
improved skill performance, clinical care, and patient outcomes.83,93 Consequently, it 
is recommended to use the concept of mastery learning in life support courses. 
In view of the studies on competency assessment instruments in this thesis 
(Chapters 3, 6, and 7), it should be stressed that properly validated assessment tools 
are indispensable to evaluate whether predefined standards are achieved in the 
quest for mastery.83 
 Deliberate practice was originally conceived by the Swedish psychologist K. 
Anders Ericsson to describe the most effective modalities for practice in classical 
music.94 It has been defined as ‘a regimen of effortful activity designed to optimise 
improvements in the acquisition of expert performance.’95 Several aspects are central 
to deliberate practice, including highly motivated learners, predefined learning 
objectives, appropriate level of difficulty, focused and repetitive practice, state-of-
the-art feedback on inadequacies based on objective measurements (e.g. validated 
assessment tools or feedback devices), remedial training to correct remaining flaws, 
evaluation to see if the predefined goal has been achieved, and advancement to the 
next educational step.83,95-97 Mastery learning and deliberate practice apparently 
have some features in common. The use of deliberate practice in conjunction with 
simulation-based training has been shown to improve paediatric residents’ 
resuscitation training in terms of delivery room equipment management and neonatal 
resuscitation performance.95,97 A meta-analytic comparative review showed that 
simulation- based medical education with deliberate practice was superior to 
conventional clinical education in achieving the acquisition of various clinical skills, 
including advanced cardiac life support skills.96 
 Debriefing: An important part of simulation-based training with deliberate 
practice is debriefing, which can be defined as ‘facilitated or guided reflection in the 
cycle of experiential learning’,98 or as ‘a reflective conversation about performance, 
including the provision of feedback’.83 Although the significance of debriefing itself 
has generally been acknowledged,81,99 it remains to be elucidated which elements 
render the debriefing process most effective. In other words, the following questions 
still require an answer: what are the ideal characteristics of the debriefer, which 
format should be used (e.g. scripted or semi-structured), which techniques and 
modalities are helpful, what is the added value of using modern technologies to 
assist debriefing, what should be the content of the debriefing session (e.g. technical 
skills and/or human factors), and what is the best timing, duration, and environment 
for the debriefing procedure?98 So far, evidence has emerged regarding the role of 
video-assisted debriefing: several studies failed to show an educational benefit 
of video-supported debriefing compared to regular debriefing without video 
recordings.83,99,100 As said, debriefing is generally known to be a vital component of 
the learning process, irrespective of the format used. It should therefore be part of 
training.89 A small benefit of high-fidelity manikins was found only for the improvement 
of skills at the end of a resuscitation course. There was no benefit for knowledge at 
course conclusion, skill performance between course conclusion and follow-up at 
one year, and skill performance one year later. The question whether the use of 
high-fidelity manikins instead of low-fidelity manikins conduces to improved real-life 
resuscitation performance and better patient outcomes remains unanswered.89 
Although high-fidelity manikins are preferentially used by candidates and instructors,81 
they are more expensive, require extensive know-how to maintain, and may even lead 
to over- confidence.90 Several studies concluded that retention of skills does not 
improve more when using high-fidelity manikins.90,91 The ERC therefore considers low- 
fidelity manikins suitable for all sorts of simulation-based resuscitation training. If 
hospitals have the financial resources to sustain a programme based on high-fidelity 
manikins, they are nevertheless advised to use them.81 A last but significant remark on 
this topic is that it is uncertain whether the results obtained from simulation studies also 
apply in real clinical care.
 Team training and non-technical skills: Inasmuch as poor performance of 
ventilations and chest compressions is associated with lower survival in cardiac 
arrest casualties, hands-on training of these vital skills should be a core component 
of any resuscitation training.81 However, non-technical skills (or human factors), 
such as team work, leadership, communication, situational awareness, and other 
CRM principles, also deserve attention. Team training has been shown to improve 
resuscitation performance.81 Training teams in their local environment can be 
advantageous, since teams have the same composition as in actual clinical care, team 
members can have their own role, the team is familiar with the surroundings and 
equipment, individuals may be more inclined to give feedback to familiar colleagues, 
and the organisation behind the team can be locally appreciated.81  
 Mastery learning refers to the stepwise learning process that eventually 
culminates in mastery, i.e. the ability to consistently demonstrate a predefined level 
of competence for a particular skill.83 Mastery learning involves the following 
consecutive steps: baseline testing, setting learning objectives, defining learning 
units with increasing difficulty, engaging in educational activities, assessment of 
learning, evaluating if the predefined standard was achieved for the learning unit 
under consideration, followed by the next learning unit if mastery was achieved and 
ongoing practice if the standard was not yet met.83,93 Mastery learning evidently 
epitomises competency-based education. The amount of time needed to attain 
mastery is not fixed, but depends on an individual’s pace. In keeping with this concept, 
extra time should be available in resuscitation courses and training sessions for 
additional, remedial learning. The combined use of mastery learning and deliberate 
practice (see below) yields good educational outcomes for individuals and 
programmes, often with reduced costs.93 More importantly, the combination of these 
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Last but not least: self-efficacy
The concept of self-efficacy definitely deserves attention during resuscitation 
training.107 The possession of adequate knowledge and skills is not enough to 
guarantee optimal resuscitation performance. Providers must also have a sufficiently 
strong belief in their capabilities to successfully complete technical and non-technical 
skills, especially under challenging circumstances.107,108 Self-efficacy thus determines 
whether or not a provider will initiate and persist in the resuscitative effort, and if he/
she will show resilience in case of setbacks.107,108 Mastery experiences are, among 
others, associated with increased self-efficacy.93,107
Resuscitation courses, recertification, and retraining
As stated in the 2015 ERC guidelines, ERC courses ‘focus on teaching in small groups, 
with a high instructor to candidate ratio, using blended learning strategies, including 
interactive discussions, workshops, and hands-on practice for skills and simulations 
using resuscitation manikins.’81 In the Netherlands, the Dutch Foundation for the 
Emergency Medical Care of Children (in Dutch: Stichting Spoedeisende Hulp bij 
Kinderen, SSHK) organises the following (ERC-based) life support courses: Advanced 
Paediatric Life Support (APLS®), European Paediatric Advanced Life Support (EPALS®) 
which includes PBLS, Neonatal Life Support (NLS®), Neonatal Advanced Life Support 
(NALS), Pre-hospital Paediatric Life Support (PHPLS®), Generic Instructor Course 
(GIC®), and ReCertification Courses (RCC) for APLS and EPALS providers.49
 The recertification interval (‘expiration date of provider status’) for APLS and NLS 
is 4 years, for EPALS 5 years. According to the Dutch residency programme for 
paediatricians in training, participation in the NLS and APLS courses is compulsory.109 
Interestingly, recertification in these life support courses is not a criterion for the 
periodic re-registration of Dutch paediatric consultants. Hospitals usually prescribe 
annual training in (P)BLS. In situ booster sessions are also often offered to 
professionals on paediatric departments. As an example, skills and drills sessions 
and video-assisted real-time simulation training are offered, among others, to the 
paediatric professionals employed at the author’s own department.
Assessment of resuscitation performance and programmes
Extrinsic and intrinsic effects of testing
In a randomised controlled trial, Kromann et al. showed that testing, as a final activity 
of a resuscitation course for medical students, increased learning outcome compared 
with spending the same amount of time practising the skills in question.110 In addition 
to the extrinsic effects of testing on people’s learning behaviour – effects that may 
collectively be referred to as ‘learning for the test’, e.g. to  achieve a secondary gain, 
such as the satisfaction of superiors or the acquisition of a required certificate – it 
has been demonstrated that testing also has an intrinsic effect on the recollection of 
every simulation-based medical education event.83 The concept of feedback will be 
further discussed in the paragraph on formative and summative assessment below.
 Distributed practice/spaced learning: the successfulness of distributed practice 
is attributable to the spacing effect, i.e. the phenomenon that breaking training down 
into several shorter (booster) sessions favours storage of information in long-term 
memory more than the attempted uptake of study material during a single, massed 
educational event. The theoretical underpinnings of the spacing effect can be derived 
from various psychological concepts, including the study-phase retrieval theory. 
According to this theory, repetition of earlier encountered study content after a 
certain period of time requires retrieval of that information from another part of the 
brain. This results in deeper processing of the information into long-term memory.83 
Massed practice usually overwhelms the learner’s working memory, leading to 
inefficient transfer of information to the long-term memory.83 Therefore, information 
can be better divided and provided in multiple sessions distributed over time. The 
effortless recollection of Christmas carols and nursery rhymes by parents and 
children exemplifies the powerful effect of spaced learning: these songs are probably 
retained so well, because they are practised over and over again. There is a substantial 
body of evidence corroborating the benefit of spaced practice.83,101-104 Nevertheless, 
spaced learning is also associated with challenges and possible disadvantages, such 
as increased logistic difficulties, the high amount of flexibility required from 
instructors, and higher costs.83
Training intervals
As stated before, regular rehearsal is essential for proper retention of knowledge and 
skills. It is, however, not exactly known at what intervals such refresher training 
should take place in order to optimise retention while keeping costs under control.81 
CPR skills usually deteriorate within 3-6 months after training. Dyson et al. found that 
survival of adult patients who sustained an OHCA improved if less than 6 months 
elapsed since paramedics last treated an OHCA.105 This period of time is similar to the 
time in which ALS knowledge and skills decay after training (6-12 months).106 Paren-
thetically, the attrition of skills appears to occur at a faster rate than the deterioration 
of knowledge, perhaps indicating that retraining for knowledge and skills should 
occur with different time intervals.106 These findings suggest that providers must 
either engage in resuscitation training or be exposed to real-life cardiac arrest 
scenarios at least every 6 months to keep their skills up to par and improve patient 
outcomes.81,105 However, instead of setting fixed time intervals for all providers in a 
one-size-fits-all approach, it seems more sensible to tailor training to the individual 
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Assessing individuals, teams, and programmes
Competency assessment tools have been developed and validated to assist the 
performance evaluation of individual providers during simulated or real-life 
resuscitations.81 However, appropriately validated instruments for the assessment of 
certain skills within the realm of paediatric and neonatal life support have been 
lacking until now. That is why we endeavoured to design and validate these missing 
tools as part of this thesis, as outlined below. Considering the fact that successful 
resuscitation and critical care delivery often relies on the dynamic and fruitful 
collaboration of various professionals, instruments have also been devised to score 
team performance and to guide the provision of feedback to the team as a whole.81 
 At a macro-level, training programmes have to be evaluated as well. The New 
World Kirkpatrick Model can be used to this end.113 Inasmuch as Kirkpatrick’s original 
model for training evaluation had some shortcomings and needed an update to match 
contemporary training practices, his son and daughter-in-law conceptualised the 
New World Kirkpatrick Model (Figure 7). 
 When planning a training programme, the four levels presented in the model 
should be addressed in reverse order, starting at level four. When evaluating the 
relevance and effectiveness of a programme, the four levels can be appraised in a 
sequential or random order. Looking at resuscitation training in particular, the levels 
can be interpreted as follows: 
 Level 4 (Results): The desired outcome is improved patient survival with good 
neurological  functioning. The main leading indicator would be rapid return of 
spontaneous circulation (ROSC). 
studied materials. Acquisition and retention of knowledge and skills are positively 
influenced by this intrinsic effect of testing, which is also known as ‘test-enhanced 
learning’. The factor responsible for this testing effect is active and repeated retrieval 
of information during the assessment procedure.110 Retrieval is important in the act 
of remembering, as mentioned in the paragraph on distributed practice/spaced 
learning above. 
Formative and summative assessment
Assessment may be formative or summative. Summative assessment refers to the 
traditional  testing of learning outcomes, usually resulting in a numeric value (mark) 
or dichotomic test result (e.g. pass or fail). Final school exams, driving tests, and the 
examinations at the conclusion of resuscitation courses are examples of summative 
assessments. Although recent years have witnessed a paradigm shift towards 
formative assessment in the realm of (medical) education, summative assessment is 
still applied in certain circumstances. Most of the time, this is because assessors 
must make a decision (e.g. entrustment of provider status/certification), because skill 
competence has to be determined in order to decide whether a learner can move on 
to the next learning unit according to the concept of mastery learning,111 or because 
straightforward, objective, and statistically comparable test results are needed (e.g. 
for scientific research). 
 Summative assessment (‘assessment of learning’) is an event usually taking place 
once at the end of a learning trajectory and provides a sort of end evaluation of the 
learning process. In contrast, formative assessment (‘assessment for learning’) is an 
ongoing, repetitive evaluation process during the learning trajectory and is meant to 
guide and enhance performance along the way.112 Rushton offered two useful and 
complementary definitions of formative assessment: 1) All those activities undertaken 
by teachers and/or by their students, which provide information to be used as 
feedback to modify the teaching and learning activities in which they are engaged; 
and 2) A dynamic, interactive, and evolving process that is necessary to add context 
to the test result, with the instructor/teacher as a facilitator.112 As can be appreciated 
from the first definition, feedback plays a central role in formative assessment. 
Feedback itself can be defined as information about a performance compared with a 
standard, and it can be provided by humans and devices.83 Feedback is most effective 
when it is specific, task-centred, constructive, individualised, and limited to a few key 
messages. It should ignite self-reflection in the learner and always be directed at the 
learner’s behaviour instead of his/her personality. Ideally, feedback is offered in close 
proximity to the provision of the test result itself.112 As such, feedback has a clearly 
beneficial influence on performance.112 Based on these considerations, it is advisable 
to incorporate formative assessment with appropriate feedback in resuscitation 
training.
Figure 7. New World Kirkpatrick Model of training evaluation.113
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Aims
The general endeavour of this thesis was to investigate and help improve two broad 
aspects of paediatric and neonatal life support. First of all, we wanted to gain insight 
into the current resuscitation training practices of paediatric and neonatal healthcare 
professionals and contribute to the advancement of the training and testing 
procedures in this context. Second, we were eager to become informed about these 
professionals’ adherence to guideline and to conceive and assess strategies to 
improve this adherence. Of course, all with the ultimate aim to contribute to better 
paediatric and neonatal resuscitation performance and improved survival with good 
neurological outcome. 
 Although much research has already been conducted in this field of interest, 
enabling the composition of extensive, convenient, and useful review documents, 
such as the (2015) International Consensus on Cardiopulmonary Resuscitation and 
Emergency Cardiovascular Care Science with Treatment Recommendations (CoSTR) 
statement,1 we identified several ‘gaps’ that still needed to be addressed. Many 
researchers have performed studies to evaluate the most effective way of training 
resuscitation skills, to find out which group of professionals succeeded best in 
applying these skills, and to assess retention of resuscitative skills. However, in many 
instances, researchers used inadequate, non-validated assessment instruments to score 
the performance of such skills,2-4 rendering their results less solid. This was especially 
true for PBLS.5,6 A properly validated tool for the assessment of PBLS skills was 
virtually lacking. For adult BLS,7-10 NLS,11,12 and PALS,13,14 some valid and/or reliable 
assessment tools already existed. The same shortcoming could be identified in 
various studies investigating another critical care skill, i.e. neonatal intubation. 
Several studies assessed neonatal intubation performance for diverse research 
questions,15,16 even though a suitable and validated assessment instrument was not 
available, at least not at the time this PhD project was initiated. Appropriately 
validated competency assessment tools (for PBLS and neonatal intubation) are 
indispensable for summative assessment in the context of research, recertification, 
and quality assurance. In addition, itemised assessment tools can be used to guide 
the provision of structured feedback during formative assessment, in both the 
simulated and clinical setting. 
 Other ‘gaps’ that we came across were: 1) the fact that retention of resuscitation 
knowledge and skills has been extensively studied, though the assessment after 
certain time intervals was nearly always done on specified, previously announced 
time points,17-19 which does not match the clinical reality of ad hoc resuscitations and 
may have caused bias, that is falsely increased performance scores due to possible 
just-in-time rehearsal; 2) the fact that resuscitation knowledge and skills are generally 
known to be essential prerequisites for adequate performance of acute life support, 
Chapter 2
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Outline of the thesis
Chapter 3 describes the development and validation of an assessment tool for PBLS 
by means of a known-groups comparison in a simulated setting. An assessment instrument 
for PBLS was virtually non-existent. Hitherto, PBLS has mainly been evaluated using 
locally created checklists or similar non-validated tools. An adequately validated 
scoring instrument for PBLS is certainly needed to enable unbiased and standardised 
formative and summative assessment of PBLS skills in clinical, educational, and 
scientific contexts. We deliberately decided to develop a concise, convenient, and 
time-efficient instrument, to be employed in conjunction with the most commonly 
used, low-fidelity manikins, in order to ensure its wide applicability.  
 Chapter 4 details about the use of the validated PBLS assessment instrument, 
described in the previous chapter, to appraise the basic life support skills of 
paediatricians (in training), working in various hospitals in the Netherlands, on an 
unannounced (simulated) PBLS exam. These professionals’ PBLS-related knowledge 
was also tested with a questionnaire during the impromptu exam. This study was 
meant to contrast many previous studies in that resuscitation skills were  not 
examined on a predefined moment, so specific preparation for the exam was not 
possible. This better resembles the clinical situation, in which healthcare professionals are 
instantaneously confronted with real-life resuscitations. Unannounced examination 
could therefore yield a more reliable impression of the retention of PBLS knowledge 
and skills in paediatricians (in training). Factors possibly affecting the retention of 
knowledge and skills were also studied. 
 In Chapter 5, the effects of (near-)peer teaching on the PBLS skills and the 
PBLS-related self-efficacy of medical students are reported. Inasmuch as a high level 
of self-efficacy appears to be essential for proper resuscitation performance, practices 
should be pursued that enhance providers’ self-efficacy. After describing why (near-)peer 
education is likely to benefit self-efficacy, based on learning theory, and after 
explaining which additional advantages could be associated with (near-)peer teaching, 
a randomised controlled trial is presented, in which near-peer trained medical 
students were compared to expert-trained medical students regarding their 
resuscitation skills on a simulated PBLS exam – scored with our previously validated 
PBLS assessment instrument – and their PBLS-related self-efficacy. The correlation 
between high self-efficacy and resuscitation performance is briefly discussed.  
 In Chapter 6, the development and validation process of an assessment 
instrument for neonatal intubation are described. Again, as in the case of the 
assessment instrument for PBLS (Chapter 3), we aimed to develop a feasible tool, that 
could be used in different settings to objectively assess skill performance (i.e. 
neonatal intubation) in a formative and summative fashion. This goal was pursued by 
performing an observational study in a simulation-based research centre, in which 
though self-efficacy is probably at least as important, but less thoroughly studied in 
this context.20,21 After all, it may be futile to teach a pilot how to fly an aircraft, when 
his/her fear of heights is not adequately addressed. Therefore, it is useful to find out 
how self-efficacy regarding paediatric life support can be promoted to ensure the 
application of resuscitation skills in case they are urgently needed; 3) the fact that 
insufficient adherence to resuscitation guidelines has been reported by a multitude 
of studies,2,22-24 but neatly organised documents containing an overview of 
suggestions to improve this adherence are quite scarce.   
So, in summary, we had the following specific aims for this thesis:
1.  To develop and validate convenient assessment tools for the appropriate 
evaluation of paediatric basic life support and neonatal intubation skills.
2.  To evaluate the knowledge, skills, and resuscitation preparedness of paediatric 
professionals in the context of paediatric and neonatal life support and 
investigate which factors (e.g. provider characteristics, instruction method, 
training interval) have a bearing on the acquisition and retention of these 
cognitive and technical skills.
3.  To study the effects of (near-)peer teaching, not only on the performance of 
paediatric basic life support skills, but especially on the self-efficacy of the 
providers.
4.  To determine the extent to which paediatric healthcare professionals adhere to 
resuscitation guidelines and to issue recommendations on how this adherence 
can be augmented.
5.  To survey the current training practices in paediatric and neonatal life support of 
paediatric healthcare providers, with the secondary aim to provide resuscitation 




Chapter 2 Aims and outline of the thesis
to the overall adherence of neonatal healthcare professionals to this algorithm during 
NALS scenarios, the difference in adherence between professionals trained by video- 
based instruction and those instructed through a conventional lecture was examined. 
A discussion of the possible benefits of video-based instruction, the advantages and 
shortcomings of the ABCDE approach, and the apparent need to produce evidence 
corroborating the effectiveness of this algorithm is also incorporated in this chapter. 
 Chapter 10 contains the results of a European survey, held among general 
paediatricians, paediatric subspecialists, and paediatric residents, to take a closer look at 
their training practices in neonatal and paediatric basic and advanced life support. 
Having studied quite a few aspects of neonatal and paediatric resuscitation training 
in the previous seven studies of the thesis, we were very keen to know how these 
training modalities are currently utilised and arranged in various countries across 
Europe. Among other things, ways to improve resuscitation training (participation) are 
discussed in this chapter.
 Chapter 11 contains a summary of all the studies that were carried out in the 
context of this thesis.
 In Chapter 12, the content of Chapter 11 has been translated into Dutch and 
slightly adapted in order to provide a plain language summary, especially for the 
non-medical readership in the Netherlands.
 In Chapter 13, the results of our studies are discussed in a wider perspective. 
Implications and recommendations for future research are presented. 
various professionals had to intubate a neonatal manikin. These intubations were 
scored with the assessment instrument. Based on these observations, the measurement 
properties (validity and reliability), feasibility, and applicability of the tool were 
determined, as described in this chapter. Difficulties with the establishment of 
construct validity and the clinical validation of the assessment instrument are also 
discussed.    
 Chapter 7 shows how lessons learned from the previous study (Chapter 6) were 
used to design this follow-up (randomised controlled simulation) study, which was 
meant to establish the construct validity of the neonatal intubation assessment 
instrument in the second instance. In addition, this chapter describes how the 
neonatal intubation scoring instrument was tested for its reliability in the evaluation 
of neonatal intubation skills in real time/on site. In the prequel to this study (Chapter 
6), neonatal intubations were assessed on video some time after the actual 
intubations. Inasmuch as examiners should be able to provide almost immediate 
feedback during procedural training, it would be a definite asset if the tool could be 
reliably employed to assess neonatal intubations directly on site. That is why we 
sought to ascertain our instrument’s reliability for real-time assessment. Furthermore, 
our assessment tool is compared to two other, recently published neonatal intubation 
competency assessment tools and suggestions are provided to amalgamate the three 
tools to create the most ideal assessment instrument. 
 In Chapter 8, paediatricians’ adherence to the NLS guideline is the subject of our 
scientific scrutiny. Although previous studies reported on (the rather imperfect) 
adherence during neonatal resuscitation, our study sought to add relevant data to 
the existing literature by assessing adherence based on the resuscitation quality 
metrics provided by a high-fidelity manikin in a realistic simulation environment, 
instead of relying on the visual assessment of video recordings. Also, this study was 
designed in such a way, that neonatal resuscitation skills were evaluated ad hoc, 
so without the possibility of specific preparation. In the same way as described in 
Chapter 4, this design probably allowed for a more accurate impression of actual 
adherence and resuscitation preparedness than assessment on a predefined moment. 
The NLS-related knowledge of paediatricians was also appraised. This chapter concludes 
with a comprehensive overview of strategies to improve (neonatal) resuscitation 
guideline adherence, which were assembled by means of a systematic search of the 
literature on this topic. 
 Chapter 9 also deals with guideline adherence. This time, the guideline concerns 
the Airway, Breathing, Circulation, Disability, Exposure (ABCDE) algorithm, which is the 
prevailing approach to guide the assessment and immediate treatment of critically ill 
or injured patients, irrespective of their age or underlying morbidity. This chapter 
presents the results of a randomised controlled trial investigating adherence to the 
ABCDE approach in the context of neonatal advanced life support (NALS). In addition 
Chapter 2
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Introduction
Out-of-hospital cardiac arrest (OHCA) is rare in children (1-20 per 100,000 paediatric 
person-years).1,2 Survival rates for paediatric OHCA range from 0% to 24%.2 Bystander 
cardiopulmonary resuscitation (CPR) performed by well-trained lay providers is 
critical to survival in paediatric OHCA.3,4 In spite of the emphasis on rapid initiation of 
high-quality CPR, it has been reported that ambulance personnel often perform CPR 
with inadequate compression depth and prolonged no-flow periods.5 Paediatric 
in-hospital cardiac arrest (IHCA) occurs in 2-6% of paediatric intensive care unit 
patients, with a survival to discharge of approximately 20-40%.6,7 Healthcare professionals 
performing CPR for paediatric IHCA achieved paediatric basic life support (PBLS) 
guideline targets for chest compression rate in 54%, for compression depth in 19%, 
and for leaning in 79%; merely 8% performed perfect CPR.8 Apparently, a chasm exists 
between guideline recommendations and actual CPR performance. Due to the low 
incidence of cardiac arrest in children, exposure to real-life resuscitations is minimal. 
Paediatric professionals, paramedics, and lay providers therefore depend on simulation 
training to acquire and maintain their PBLS skills. 
 For adequate appraisal of resuscitation skills, validated assessment instruments 
are needed. Such instruments can be used for both formative and summative 
assessment, and for clinical, educational, and research purposes. They can first and 
foremost be employed as feedback tool during (simulation) training to provide 
objective comments regarding specific items and overall performance. In clinical 
practice, these instruments are useful to evaluate real-life CPR, but also, in terms of 
quality assurance, to determine whether the resuscitation skills of healthcare 
professionals are still up to par. Although descriptive feedback is an absolute 
prerequisite for safe and effective learning, scoring of CPR skills in a more summative 
fashion is sometimes also needed for concrete, unbiased decisions, such as those 
concerning certification and registration. In the context of quantitative research, 
validated assessment instruments are required for the numerical scoring of 
resuscitation skills to enable researchers to objectively and statistically compare 
different training methods, different groups of providers, or skills at different points 
in time (i.e. retention of skills).9,10 Several reliable and/or valid assessment tools are 
available for adult BLS.10-13 Reliable and valid scoring systems have also been 
developed to assess newborn life support,9,14 and performance during paediatric 
advanced life support (PALS) scenarios.15,16 However, a validated assessment 
instrument for PBLS is lacking. Until now, many hospitals, emergency care services, 
and first aid agencies have supposedly relied on ‘local checklists’ to appraise PBLS in 
the absence of a published, validated assessment tool. 
 We therefore aimed to develop a valid and reliable assessment instrument to 
evaluate PBLS skills, primarily in training settings. By improving PBLS assessment 
Abstract
Aim
To develop a valid and reliable instrument for the assessment of paediatric basic life 
support (PBLS).
Methods
An assessment instrument for PBLS was developed, based on 3 existing scoring 
systems and the European Resuscitation Council (ERC) PBLS guideline. We tested if 
experienced PBLS instructors performed better than medical students on a standard 
PBLS exam on a low-fidelity paediatric manikin (construct validity). To pass the exam, 
≤15 penalty points were required. The exams were videotaped. One researcher 
assessed all videos once and approximately half of them twice (intrarater reliability). 
A second researcher independently assessed part of the videos (interrater reliability). 
The time needed to assess one exam was determined.
Results
Face and content validity were established, since PBLS experts reached consensus on 
the instrument and because the instrument incorporated all items of the ERC 
algorithm. Of the 157 medical students that were scored, 98 (62.4%) passed the exam. 
14 PBLS instructors were scored, all passed (100%). Pass rate (62.4% vs. 100%) and 
median penalty points (15 (IQR 10-22.5) vs. 7.5 (IQR 1.25-10)) were significantly different 
between students and instructors (p=0.005 and <0.001, respectively). Re-assessment 
demonstrated a Kappa for intrarater reliability of 0.62 (95% CI: 0.45-0.81) (substantial 
agreement). Kappa for interrater reliability was 0.51 (95% CI: 0.09-0.93) (moderate 
agreement). It took about 3 minutes to assess one videotaped exam.
Conclusions
Our instrument for the (video-based) assessment of PBLS is valid and sufficiently 
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both in and outside the hospital, we wish to ameliorate the PBLS performance of 
healthcare professionals and lay providers, and eventually contribute to better 
outcomes of paediatric resuscitations.
Materials and methods
Development of the assessment instrument 
An assessment instrument was devised in which all items of the 2010 European 
Resuscitation Council (ERC) guideline for PBLS were represented (Table 1). Our 
instrument also conforms with the 2015 ERC guideline, because the PBLS algorithm 
was left unchanged in this latest update.17 Our assessment tool was based on 3 
existing scoring systems: 1) the original, validated Berden score for adult BLS,10 2) the 
modified and validated Berden score by Graham et al.,11 and 3) the non-validated 
modified Berden score for PALS by Turner et al..18 MB created the first draft version 
of the assessment instrument, including the accompanying scoring instructions. 
This preliminary version was subjected to the critical appraisal of 4 PBLS experts in 
an iterative process, consisting of three rounds in which the experts commented 
on successively adapted versions of the instrument and the associated scoring 
instructions. Two of the four experts (not listed as co-authors) provided their 
comments only by email in each round; two other experts (MH and JMThD) provided 
their comments by email, but also clarified their comments in face-to-face discussions. 
The PBLS experts were derived from different disciplines in our centre (paediatrics, 
neonatology, and paediatric intensive care medicine). All four experts were certified 
PBLS instructors, three of whom are highly experienced in video-assisted simulation- 
based education and testing. One expert (JMThD) was also involved in the development 
of one of the scoring systems on which our tool was based.18 
 According to Berden et al., 5, 10, 15, and 20 penalty points were allocated to minor, 
moderate, substantial, and fatal errors, respectively.10 Hence, the number of penalty 
points reflected the relative importance of the items for successful resuscitation. 
A pass score was defined as ≤15 penalty points. Scoring criteria and cut-off values 
were adapted to suit the paediatric situation and the use of a low-fidelity manikin. 
For practical reasons, whole-second time intervals were used to assess compression 
rate. The maximum time interval for 2 breaths was set at 6 sec: 1 sec for each in- and 
expiration, and 1 sec for the transfer from chest to mouth and vice versa. Compressions 
and breaths were assessed during the last 2 of 4 CPR cycles to rule in the effects of 
fatigue. The scoring instructions were phrased as concise as possible and limited to 
one page to enhance the feasibility of our tool and facilitate the scoring procedure for 
assessors. Redundancy was avoided. Also, the instructions mainly focused on the 
scoring process in the simulation setting using a low-fidelity manikin; for a detailed 
description of correct PBLS performance, we referred to the 2015 ERC guideline.17
Table 1. Assessment instrument for paediatric basic life support.
Item Performance Penalty points
1. Safe-stimulate-shout
a. Ensure safe environment Yes 0
No 5
b. Assess responsiveness Correct 0
Incorrect 5
c. Shout for help Yes 0
No 5
2. Airway
a. Chin lift Correct 0
Incorrect 5
3. Breathing and call for assistance
a. Look-listen-feel Correct 0
Incorrect 5
b. Call emergency number and ask for AED Yes 0
Incomplete 5
No 10
c. Five initial rescue breaths 0-1 inadequate 0
2-4 inadequate 5
5 inadequate / not done 10
4. Circulation
a. Look for signs of life and/or check pulse Correct 0
Incorrect 5
5. Compressions
a. Hand/finger placement Correct 0
Incorrect 5
b. Arm position Correct 0
Incorrect 5






≥ 31 sec 20
d. Average compression depth Correct 0
Too deep 5
Too shallow 10
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 Our assessment instrument was pilot tested on 26 fifth-year medical students. 
In this pilot, we used the same students, manikin, video equipment, scenario, and 
environment as in the actual study. All pilot exams took place on the same day. After 
pilot testing of these 26 students, the observations made by MB, YB, and EMvdP were 
discussed in our research group and used to create a final revision of the instrument. 
Comprehensibility of the scoring instructions was evaluated, since YB and EMvdP 
were not involved in the development of the instrument, but did use the tool during 
pilot testing. Various actions/situations that were not specified in the scoring 
instructions until then were either added or described in more detail. Ambiguous 
scoring instructions were elucidated. All these amendments were meant to render 
scoring more standardised. That is, many actions/situations were now assigned 
predefined scores, making it more likely that identical scores would be given by 
different assessors. Examples of the amendments were: clearer definitions of the 
time intervals for compressions and breaths, approval of breaths that resulted in 
chest rise without pinching the nose, and approval of obvious inspection of the 
environment without saying ‘safe environment’ aloud. 
Construct validity and reliability
The construct validity of our instrument was assessed by testing the predefined 
hypothesis that PBLS instructors (‘experts’) perform better, i.e. have lower penalty 
scores and higher pass rates, than medical students (‘novices’). Comparison of 
extreme groups is an established way of assessing construct validity.9 In order to 
determine intrarater reliability, MB scored all videotaped PBLS exams of  the students 
Table 1. Continued.
Item Performance Penalty points
6. Breaths





b. Duration of last 3x2 breaths ≤ 18 sec 0
19-25 sec 5
26-32 sec 10
≥ 33 sec 15
7. Ratio and sequence
a. Correct compression-breath ratio Yes 0
No 5
b. Correct sequence Yes 0
No 5
Total number of penalty points
AED, automated external defibrillator
Scoring instructions
General statements 
• This assessment instrument can be used for infants and children. 
• In this scenario, a fictitious bystander is present to call the emergency number.
• The casualty in this scenario did not suffer (cervical) trauma.
• PBLS examinations last approximately 2 min: 1 min for items 1-4, and 1 min for 4 CPR cycles. 
• Examinations should be carried out by 2 examiners: 1 to observe technique and 1 to record time. 
• If an item is performed in a way not specified in the instructions below, consensus must be reached 
between 2 examiners on how to score the item.
• For a detailed description of correct PBLS performance, see the 2015 ERC guidelines.17
• ≤15 penalty points is a pass score; >15 penalty points is a fail score.
Item-specific instructions
1. a: The examinee should either say “safe environment” or inspect the environment visibly.
 b: Responsiveness should be assessed with both verbal and physical stimuli.
 c: The bystander should be requested to stay in the vicinity of the casualty.
2. a: Five penalty points are assigned when (1) fingers are not hooked behind the chin bone, but obviously 
impressed on the soft tissue between the chin bone and thyroid cartilage; (2) fingers are placed on the 
chin without lifting it; (3) the chin lift prior to the look-listen-feel procedure is incorrect, even though 
it is adequate during ventilations. One may briefly inspect the oral cavity and remove visible 
obstructions; 10 penalty points for a blind finger sweep. 
3. a: This procedure is incorrect if it lasts >10 seconds.
 b: A request to call the emergency number is incomplete when (1) it is not stated that a child is being 
resuscitated, and (2) the bystander is not requested to look for an AED.
 c: Rescue breaths are inadequate when the manikin’s chest does not rise or too much air is inflated. 
 Five penalty points are allocated when >5 initial rescue breaths are performed (usually done to correct 
for inadequate breaths). When the nose is not pinched during breaths, but the manikin’s chest rises 
adequately, no penalty points have to be assigned.
4. a: This procedure is incorrect if it lasts >10 seconds. The examinee should at least look briefly for body 
movements or say something like “not responding”. Only professionals (incl. interns, residents, and 
skilled nurses) are allowed to check the pulse.
5. a: Five penalty points are given when (1) hand(s) or fingers are not placed on the lower half of the 
sternum; (2) in a child, fingers clearly exert pressure on the rib cage. Hand placement should preferably 
be scored during the last 2x15 compressions.
 b: Arms should be vertical and stretched. Arm position should preferably be scored during the last 2x15 
compressions. Arm position is not scored in infants.
 c: This is the length of time of the last 2x15 compressions (i.e. 3rd and 4th cycle) combined. 
 For the sake of clarity: 16-20 seconds means 16,00-20,99 seconds.
 d: This is scored based on the last 2x15 compressions.
 e: This is scored based on the last 2x15 compressions.
6. a: Breaths are inadequate when the manikin’s chest does not rise or too much air is inflated.
 b: This is the length of time of the last 3x2 breaths (i.e. 2nd, 3rd, and 4th cycle) combined.
 A breathing interval starts as soon as the hand(s) or fingers are removed from the manikin’s chest and 
ends when the hand(s) or fingers are placed back on the chest to resume compressions.
7. a: This is scored based on the last 2 cycles. Five penalty points are assigned when extra breaths are 
performed to correct for inadequate ones. If inadequate cycle breaths are correctly compensated, 
penalty points are given for ratio and (possibly) duration of breathing, but not for tidal volume. Five 
penalty points are allocated whenever the examinee deviates from the number 15 for compressions 
during each of the last 2 cycles.
 b: Deviation from the correct sequence of the PBLS algorithm results in 5 penalty points (once).
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expressed as weighted Cohen’s Kappa coefficients. The following cut-off values were 
used: 0.81-1.00 almost perfect agreement, 0.61-0.80 substantial agreement, 0.41-0.60 
moderate agreement, 0.21-0.40 fair agreement, and ≤0.20 poor agreement.9 Statistical 
analyses were performed with IBM SPSS Statistics for Windows version 20.0. A p value 
<0.05 was considered statistically significant.
Results
Inasmuch as all items of the PBLS algorithm, as provided in the ERC guidelines, are 
covered in our instrument, it reflects the domain to be measured and thus has content 
validity. Face validity was established, since four PBLS experts reached consensus 
on our assessment instrument.
 Of the 187 students that performed a PBLS exam, 18 declined consent to be 
videotaped. Twelve videos were excluded due to poor quality. The remaining 157 
(53 male, 104 female) videotaped students were scored by MB. Ninety-eight students 
(62.4%) passed the exam. Female and male students had a pass rate of 67.3% and 
52.8%, respectively (p=0.27). The median number of penalty points was 15 (minimum 
once and approximately half of them twice with a time interval of several months 
to prevent recall of ratings. For interrater reliability, JMThD independently rated a 
random selection of the recorded student PBLS exams. 
 In the attempt of developing a practical, time-efficient tool that enables examiners 
to assess large groups of candidates in a limited period of time, we also determined 
the average time needed for one rater to assess one videotaped PBLS exam. 
Study participants
In our centre, fifth-year medical students follow a three-week preparatory course 
prior to their paediatric internship. This course includes a two-hour PBLS training. 
The training sessions were provided by peer students and paediatricians, both 
well-experienced in (teaching) PBLS, for this study was combined with another study 
investigating differences in self-efficacy and PBLS performance between peer- 
instructed and expert-instructed students (Chapter 5). Within the time frame of this 
study (7 months), all medical students performed a PBLS exam one week after 
training. The researchers assessing the videotaped exams (MB and JMThD) were not 
involved in the training of the students. Paediatricians, paediatric critical care 
specialists, and intensive care nurses, who work in our centre and have extensive 
experience as PBLS instructors, were recruited by email invitation. The ones that 
responded and were available within the study period were included. Written informed 
consent was obtained from all participants. The Institutional Review Board considered 
our study to be exempt, because it did not involve human subjects exposed to medical 
activities.      
Assessment scenario
All PBLS exams were performed on a low-fidelity paediatric manikin without skill 
guide (Resusci® Junior Basic, Laerdal Benelux, the Netherlands). The assessment 
scenario is specified in Table 2. The fictitious casualty was an 8-year-old child found 
unresponsive, without signs of breathing or circulation. Exams lasted ~2 min: ~1 min 
for the approach, assessment, call for assistance, and 5 initial rescue breaths 
(Table 1, items 1-4), and ~1 min for 4 CPR cycles. All exams were videotaped with a 
single wall-mounted camera, with a 45-degree angle to the manikin. 
Statistical analysis
Variables are expressed as median with interquartile range (IQR). Differences in pass 
rate and penalty points between students and instructors were calculated with the 
chi-square test (with Yates continuity correction when appropriate) and Mann Whitney 
U test, respectively. Using the Wilcoxon signed-rank test, we looked for differences 
between the 2 ratings of the first researcher and between the 2 raters regarding all 
17 items of the assessment instrument. Intrarater and interrater reliability were 
Table 2. Assessment scenario.
· Preparation of the manikin (Resusci® Junior Basic)
· Assessment procedure and scenario are explained to the participant
· Participant signs informed consent form
· Video recorder is started
· Participant is instructed to perform PBLS according to the Dutch guideline1
· Participant is instructed to work through the entire algorithm, including chest compressions/
ventilations
· Participant is instructed to continue until investigators say ‘ambulance has arrived’
· Scenario involves an 8-year-old boy found unconscious on the pavement
· No foreign body airway obstruction
· No trauma
· No witnessed sudden collapse
· Investigators serve as fictitious bystanders
· No cues or suggestions given by the investigators
· Use of an AED not tested in this scenario 
· All participants tested individually
· Participant receives feedback on his/her performance of the various items at the end
PBLS, paediatric basic life support; AED; automated external defibrillator.
1 The PBLS guideline of the Dutch Resuscitation Council is equivalent to the ERC guideline.
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first time (~2 min). After rewinding, it took ~1 min to record the duration of compressions 
and ventilations (items 5c and 6b). 
 Participants’ performance on the 17 individual items is shown in Table 3. 
The mean or median number of penalty points per item did not provide a good 
estimate of the item-specific performance, for the potential number of penalty points 
was different for the various items. Therefore, we dichotomised the results into 
‘perfect performance’ (0 penalty points) and ‘imperfect performance’ (any number of 
penalty points). The safe-stimulate-shout approach was almost flawlessly performed 
by all participants. Both students and instructors were most often penalised for 
inadequate compression rate. Note that the results in Table 3 are neither meant nor 
very suitable for the comparison of ratings and raters (i.e. assessment of reliability).
0, maximum 45, IQR 10 to 22.5). The (non-normal) distribution of participants’ scores 
is depicted in Figure 1.
 A convenience sample of 80 randomly selected videos was scored a second time 
by MB. A pass rate of 60% was found, with a median number of penalty points of 15 
(IQR 10 to 20). Comparing these with the 80 corresponding videos of the first rating 
produced a Kappa coefficient of 0.62 (95% CI: 0.45-0.81) (substantial intrarater 
reliability). There were no significant differences between the 2 ratings on any of the 
17 items of the assessment instrument.
 A convenience sample of 25 different, randomly selected videos was rated 
by JMThD. When comparing these with the corresponding 25 videos scored by MB, a 
Kappa coefficient of 0.51 (95% CI: 0.09-0.93) emerged (moderate interrater reliability). 
There were no significant differences between both raters on all 17 items. Pass rates were 
comparable between MB and JMThD (84% and 76%, respectively; p=0.33).
 Fourteen instructors (6 male, 8 female) were scored by MB. They all passed (100%), 
with median penalty points of 7.5 (IQR 1.25 to 10). The differences in pass rate (62.4% 
vs. 100%) and median number of penalty points (15 (IQR 10 to 22.5) vs. 7.5 (IQR 1.25 to 10)) 
between students and instructors were significant (p=0.005 and <0.001, respectively), 
which underlines the construct validity of our assessment instrument. 
 It took both investigators ~3 min to score one videotaped exam. Items 1-4, 5a, 5b, 
5d, 5e, 6a, and 7 (Table 1) could usually be assessed while watching the video for the 
















Number of penalty points
Students (n=157) Instructors (n=14)
Table 3. Percentage of participants with any number of penalty points per item.
Item Medical students Instructors


















Safe approach 0 0 0 0 0 0
Assess responsiveness 0 0 0 0 0 0
Shout for help 3 3 4 8 5 0
Chin lift 12 14 4 16 12 0
Look-listen-feel 3 5 0 12 5 0
Call for assistance 17 10 20 20 17 14
Five rescue breaths 30 26 28 24 27 7
Circulation assessment 18 18 12 28 19 7
Hand placement 30 30 8 32 25 14
Arm position 2 1 0 8 3 0
Compression rate 34 35 28 32 32 36
Compression depth 11 14 4 8 9 0
Inadequate chest recoil 18 20 12 4 14 0
Tidal volume 24 18 0 8 13 7
Breathing interval 39 38 12 16 24 29
Ratio 21 21 24 4 18 14
Sequence 13 9 12 16 13 7
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low-fidelity manikins are superior to high-fidelity manikins.23 We believe that quite a 
number of hospitals and organisations lack the resources to sustain a programme 
based on expensive manikins. We therefore deliberately developed an assessment 
instrument that is practicable in many situations, and not only relevant for 
resource-rich settings. In our opinion, our scoring instrument exemplifies a good 
compromise between validity and reliability on the one hand, and feasibility and wide 
applicability on the other. 
 Admittedly, visual assessment is not the ideal method to assess CPR quality. 
However, most clinicians still rely on visual assessment, while CPR feedback devices 
are hardly used during clinical care.24 When used, visual assessment can be improved 
by choosing a position to the manikin’s side, and by ensuring that examiners regularly 
attend CPR refresher courses.24 Our camera indeed provided a side view of the 
manikin, although not completely level with the manikin’s chest. Both raters of this 
study frequently supervise simulated paediatric (and neonatal) life support scenarios. 
Moreover, our assessment instrument is meant to be used by 2 examiners, so 
simultaneously occurring events (e.g. compression rate and depth) can be appraised 
separately by each of the examiners. 
 Testing of resuscitation skills is important because of its extrinsic and intrinsic 
effects on learning.25 As described above, validated assessment instruments, such as 
the one presented here, can be used for testing in a formative and summative fashion. 
We fully acknowledge the significance of formative assessment during skills training 
and clinical care. Providers should be debriefed, using personal, descriptive, and 
structured feedback, shortly after performing a (simulated) resuscitation. Our 
assessment tool can be employed to this end. It serves as a guide for item-specific 
feedback and offers an impression of overall competence in PBLS. The numerical 
scores should not be mentioned to the candidates (save on specific request). The 
candidates just need to know ‘what went well and what needs improvement’. The 
numerical scores are meant to be used by the assessors to ensure that their 
judgements are objective, standardised, and sufficiently differentiated. Checklists 
without a predefined scoring system are susceptible to bias, even in the hands of 
experienced instructors. First of all, many candidates are assessed by the same 
person as the one who instructed them. This may lead to a conflict of interests in the 
absence of standard scores. Second, formal decisions (e.g. registration, certification) 
have to be made based on these assessments, so objectivity is required. Third, 
assessors often have to test multiple candidates in one session. To avoid differences 
in the assessments of the various candidates, preferably all conceivable ways of 
performing the items should be considered and assigned scores beforehand. Lastly, 
we believe that merely assigning the labels ‘correct’ or ‘incorrect’ to checklist items 
disregards the fact that resuscitative efforts can be partially beneficial. From a 
research perspective, the use of numerical scores in assessment instruments is 
Discussion
We developed an instrument for the (video-based) assessment of PBLS in training 
situations and showed that it has construct validity and sufficient reliability. Additional 
evidence for the validity of our tool can be provided by comparing it with Berden’s 
original, validated scoring system. The pass rate of the inexperienced students – one 
week after PBLS training – in our study (62.4%) was rather similar to the pass rate of 
the lay people – several weeks after BLS training – in Berden’s publication (56%).10 
The pass rates of the instructors/experts were also comparable between both studies 
(88% in Berden’s study, 100% in the present study). These findings corroborate the 
construct or, more specifically, the convergent validity of our instrument. Furthermore, 
the tool is concise and time-efficient, which enables examiners to assess large groups 
of candidates in a limited amount of time. It covers all items of the PBLS algorithm of 
the latest ERC guidelines,17 not only compressions and ventilations, but also the 
approach, call for assistance, and assessment items. Although effective compressions 
and ventilations are most vital for successful resuscitation, we believe that the other 
items are also important for adequate PBLS. Unlike most existing scoring tools for adult 
BLS,10-12 our instrument also assesses the sequence in which items are performed. 
 Our assessment instrument is meant to be used in conjunction with low- fidelity, 
comparatively inexpensive paediatric manikins, and can therefore be applied in a 
wide range of settings, including resource-poor. The ERC considers the use of lower 
fidelity manikins appropriate for all levels of training.4 They are probably the most 
commonly used manikins for basic life support training in both healthcare professionals 
and lay providers, not only in the Netherlands, but also in various other countries 
(personal communication with the Laerdal Corporation and results of a European 
survey conducted by our research group (Chapter 10)). We use low-fidelity manikins 
for PBLS training and testing in our centre. High-fidelity manikins undeniably produce 
more reliable results for compressions and ventilations, because interpretation of 
manikin recordings is straightforward. However, they have no added value in the 
assessment of non-technical skills. Also, despite the increasing popularity of 
high-fidelity manikins, convincing evidence supporting their contribution to the 
improvement of skill performance in real-life and simulated resuscitations is lacking. 
In a large, recent meta-analysis comparing high with low-fidelity manikins, no strong 
conclusions could be drawn on the alleged superiority of high-fidelity manikins, for 
the included studies contained low to very low quality evidence, with a rather 
substantial heterogeneity among the studies.19 Other reports equally concluded that 
the acquisition and retention of knowledge and skills is not necessarily better when 
high-fidelity simulation is used.20,21 The only well-established benefit of high-fidelity 
manikins is that they are preferred by course participants, probably leading to more 
eagerness to participate in life support training.22 In terms of cost-effectiveness, 
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Conclusion
Our instrument for the (video-based) assessment of PBLS in training situations has 
construct validity and reasonable reliability. It was designed to be time-efficient, 
practical, and applicable in a wide range of settings, as discussed above. We endeavour 
to modify and re-validate our assessment instrument, once firm evidence supporting 
the educational benefits of high-fidelity manikins has been assembled, and their use 
has been adopted by more hospitals and organisations. Perhaps the reliability of our 
instrument can be optimised when scoring will be based on the output of such 
recording manikins.  
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needed, since comparative analysis of PBLS skills requires quantifiable results. Also, 
it would have been virtually impossible to validate our assessment tool without using 
numerical values. 
 Our instrument involves the use of penalty points. This system is somewhat 
arbitrary in that there is no solid evidence to corroborate the allocation of different 
numbers of penalty points to different items. Nevertheless, the choice for the number 
of penalty points for each item was based on consensus among several PBLS experts 
and in line with various earlier publications.10,11,18 Penalty points were considered to 
be commensurate with error severity.10 Most penalty points were allocated to errors 
in compressions and ventilations that were deemed incompatible with successful 
resuscitation.  
 Due to the rarity and critical nature of paediatric resuscitations, it is virtually 
impossible to link the results of an assessment instrument to real-life PBLS performance 
and patient outcomes. An absolute gold-standard is therefore absent. Since we used 
a low-fidelity manikin in this study, a surrogate reference standard for compressions 
and ventilations would have been the recordings of a high-fidelity manikin. We were, 
however, not able to compare our assessments with the measurements of a high- 
fidelity manikin. Consequently, we could not establish criterion validity.
 The use of video recordings was a practical necessity in this study to determine 
intrarater reliability. A major advantage of video-based assessment is that items 
performed simultaneously in reality can be assessed separately on video. However, 
video-based assessment has its audiovisual limitations.9 A camera lacks the peripheral 
and depth perception of the human eye.24 This problem can be partly overcome by 
installing several cameras with different angles to the manikin. The fact that the 
perception of the human eye is superior to that of a camera makes us believe that our 
instrument can also be used for on site, real-time visual assessment, provided that 
2 examiners invigilate the exam. 
 The request for an automated external defibrillator (AED) was originally not 
incorporated in our assessment instrument. Because medical students did not receive 
instruction on AED use, we could not assess it. We decided to add this (rather unequivocal) 
item after the formal validation procedure to offer an all-inclusive instrument.
 Both raters were involved in the development of the assessment instrument. 
Consequently, they were well-informed about the scoring procedure. This may have 
positively influenced the interrater reliability. However, we provided explicit scoring 
instructions, which should render the scoring procedure equally clear for other users 
of the instrument. Note that the raters in this study had no more information than 
just the scoring instructions mentioned above. 
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Chapter 4 Retention of knowledge and skills in paediatric basic life support amongst paediatricians
Introduction 
Cardiac arrest is an uncommon event in children (9 per 100,000 children per year) 
often with a poor outcome.1 An overall survival rate of 6% has been found in children 
with cardiac arrest in out-of-hospital settings.1 Healthcare professionals who work 
with children are expected to be competent in paediatric basic life support (PBLS) 
according to national guidelines, which are usually based on the European 
Resuscitation Council (ERC) or American Heart Association (AHA) guidelines.2,3 
In order to acquire and consolidate this competency, paediatricians and paediatric 
residents follow resuscitation courses, including PBLS.4
 Based on the literature, paediatric professionals are not fully competent in 
providing PBLS.5 Although poor acquisition of skills may be the problem, poor 
retention of skills is probably the main reason underlying this incompetency.5-12 
Studies have shown that resuscitation skills, when used infrequently, deteriorate 
within 3 to 6 months after training, and that knowledge is retained longer than 
skills.11,13-15 In addition, (paediatric) residents and junior doctors  have reported that 
they do not feel confident about performing (P)BLS during an actual emergency 
situation.16-18 This lack of confidence could lead to a delay in the start of resuscitation.16
 Since PBLS skills are usually examined immediately after training, the large 
majority of participants passes these exams (Dutch Foundation for the Emergency 
Medical Care of Children, personal communication). In previous studies investigating 
retention of skills, participants were almost always retested at a predefined moment. 
We believe that this practice of examining at a specified moment (after training) is not 
representative of paediatricians’ ability to resuscitate a child ad hoc. Therefore, we 
sought to determine the retention of PBLS knowledge and skills amongst paediatricians 
and paediatric residents with an unannounced PBLS examination. Factors potentially 
influencing retention of PBLS skills were also assessed.  
Materials and methods
Participants 
In view of the time frame of our study (~3 months), the anticipated logistic challenges, 
and number of participants in related studies, we aimed to include a convenience 
sample of at least 50 participants. Because a high refusal rate was foreseen 
considering our study design with unannounced visits, we addressed a large surplus 
of hospitals. Paediatricians and paediatric residents of 8 academic and 17 general 
Dutch hospitals were invited to participate in this study, which took place in 2016. The 
Institutional Review Board waived formal approval. Hospitals were included only 
when the entire paediatric department gave informed consent in order to prevent 
Abstract
Retention of resuscitation skills is usually assessed at a predefined moment, which 
enables participants to prepare themselves, possibly introducing bias. In this multicentre 
study, we evaluated the retention of knowledge and skills in paediatric basic life support 
(PBLS) amongst 58 paediatricians and paediatric residents with an unannounced 
examination. Practical PBLS skills were assessed with a validated scoring instrument, 
theoretical knowledge with a 10-item multiple- choice test (MCQ). Participants self-assessed 
their PBLS capabilities using 5-point Likert scales. Background data were collected with a 
questionnaire. Of our participants, 21% passed the practical PBLS exam; 29% failed on 
compressions/ventilations, 31% on other parts of the algorithm, 19% on both. Sixty-nine 
percent passed the theoretical test. Participants who more recently completed a PBLS 
course performed significantly better on the MCQ (p=0.03). This association was less 
clear-cut for performance on the practical exam (p=0.11). Older, attending paediatricians 
with more years of experience in paediatrics performed less well than their younger 
colleagues (p<0.05). 51% of participants considered themselves competent in PBLS. No 
correlation was found between self-assessed PBLS capabilities and actual performance 
on the practical exam (p=0.25). 
Conclusion
Retention of PBLS skills appears to be poor amongst paediatricians and residents, 
whereas PBLS knowledge is retained somewhat better.  
What is known?
• Paediatricians and paediatric residents are not always competent in paediatric 
basic life support (PBLS) in daily practice. Poor retention of skills supposedly 
accounts for this incompetence. Without regular exposure, resuscitation skills 
usually deteriorate within 3 to 6 months after training.
• Examination of resuscitation skills usually takes place after training. Also, in most 
studies evaluating retention of skills, participants are tested at a predefined moment. 
Inasmuch as participants are able to prepare themselves, these assessments do not 
reflect the ad hoc resuscitation capabilities of paediatricians and residents.  
What is new?
• In this study, paediatricians and paediatric residents had to complete an unannounced 
PBLS exam at variable time intervals from last certification. Retention of PBLS skills 
was rather poor (pass rate 21%). 
• The PBLS skills of older, attending paediatricians with many working years in 
paediatrics appeared to be inferior to those of their younger colleagues.
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selection bias. When consent was obtained, the department was notified that we 
would visit the hospital unexpectedly in the coming year. During the visit, written 
informed consent was obtained from all individual participants.
Data collection
All participants completed the PBLS exam in the order presented below. To minimise 
this risk of test results influencing each other, participants were not informed about 
their results before completion of the entire exam. The complete examination 
procedure lasted 8-10 min per participant. The examiners of the practical exam and 
multiple-choice test (MCQ) were blinded to the results of the questionnaire and 
self-assessment. 
Assessment of skills 
All participants performed a standard PBLS scenario (Table 1) on the same paediatric 
resuscitation manikin (Resusci® Junior Basic, Laerdal Benelux, the Netherlands), 
taken along by the investigators. We used a manikin without skill meter, considering 
the great number of non-recording manikins in active use (in the Netherlands), and 
because our scoring instrument has been validated for non-recording manikins. 
Scenarios lasted ~2 min and included initial approach, assessment, call for assistance, 
and rescue breaths (~1 min), followed by 4 cycles of compressions and ventilations 
(~1 min). The use of an automated external defibrillator (AED) was not tested, for it 
would have required too much time during our short, unannounced visits. Moreover, 
AED use is not examined in conjunction with the PBLS algorithm during the European 
Paediatric Advanced Life Support (EPALS) course, and our validated scoring instrument 
does not incorporate items to score AED use. Paediatricians must be able to perform 
PBLS without equipment; ventilations were therefore delivered mouth-to-mouth. 
As paediatricians are professionals trained to use a compression-ventilation ratio of 
15:2 in children, we only approved this ratio. All participants were assessed by the 
same 2 examiners, one to observe technique and one to record time intervals. 
 Participants’ performance was assessed with a validated PBLS assessment 
instrument (Table 2). This scoring instrument is firmly based on the 2015 ERC algorithm 
for PBLS.2 Its validation process and use in conjunction with a low-fidelity manikin are 
elaborately described in Chapter 3. Minor, moderate, substantial, and fatal errors 
were assigned 5, 10, 15, and 20 penalty points, respectively. A maximum of 145 penalty 
points could be scored. The cut-off for a pass score was ≤15 penalty points.19 Items 3c, 
5, 6, and 7a were referred to as ‘compressions/ventilations’, the remaining items as 
‘other parts of the algorithm’.
Theoretical test
Theoretical knowledge was tested with a 10-item MCQ based on the 2015 ERC 
guidelines (Appendix 1).2 Prior to the actual study, our MCQ was critically appraised 
and amended by 4 PBLS course instructors and 3 experts in test development. There 
was only one unequivocal answer to each question. One point was allocated to each 
correct answer, without correction for guessing. Accordingly, participants obtained a 
score between 0 and 10. Participants passed the MCQ when scoring ≥8, based on 
current examination practices of life support courses.20,21
Table 1.  Situation, sequence, and scenario for the unannounced examination of 
paediatric basic life support skills.
Situation
· Two investigators (MB, MC) enter the hospital 
· Secretary guides both investigators to a consulting room 
· Paediatricians and paediatric residents ignorant of investigators’ arrival
· Preparation of the manikin (Resusci® Junior Basic)
· Preparation of other test materials (e.g. scoring forms, questionnaires, stopwatch) 
Sequence
· Secretary summons paediatricians and residents consecutively to the consulting room
· Test procedure and scenario are explained to the participant
· Participant signs informed consent form
· Participant performs practical PBLS exam 
· Participant completes MCQ, questionnaire, and self-assessment
· Participant receives feedback on his/her performance 
· Participant is instructed not to notify his/her colleagues about our presence
Scenario
· Participant is instructed to perform PBLS according to the Dutch guideline1
· Participant is instructed to work through the entire algorithm, including chest compressions
· Participant is instructed to continue until investigators say ‘ambulance has arrived’
· Scenario involves an approximately 8-year-old boy found unconscious on the pavement
· No foreign body airway obstruction
· No trauma
· No witnessed sudden collapse 
· Investigators serve as fictitious bystanders
· No cues or suggestions given by the investigators
· Use of an AED not tested in this scenario 
· All participants tested individually
PBLS, paediatric basic life support; MCQ, multiple-choice test; AED; automated external defibrillator.
1 The PBLS guideline of the Dutch Resuscitation Council is equivalent to the ERC guideline.
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Table 2. Assessment instrument for paediatric basic life support.
Item Performance Penalty points
1. Safe-stimulate-shout
a. Ensure safe environment Yes 0
No 5
b. Assess responsiveness Correct 0
Incorrect 5
c. Shout for help Yes 0
No 5
2. Airway
a. Chin lift Correct 0
Incorrect 5
3. Breathing and call for assistance
a. Look-listen-feel Correct 0
Incorrect 5
b. Call emergency number and ask for AED Yes 0
Incomplete 5
No 10
c. Five initial rescue breaths 0-1 inadequate 0
2-4 inadequate 5
5 inadequate / not done 10
4. Circulation
a. Look for signs of life and/or check pulse Correct 0
Incorrect 5
5. Compressions
a. Hand/finger placement Correct 0
Incorrect 5
b. Arm position Correct 0
Incorrect 5






≥ 31 sec 20
d. Average compression depth Correct 0
Too deep 5
Too shallow 10




Item Performance Penalty points
6. Breaths





b. Duration of last 3x2 breaths ≤ 18 sec 0
19-25 sec 5
26-32 sec 10
≥ 33 sec 15
7. Ratio and sequence
a. Correct compression-breath ratio Yes 0
No 5
b. Correct sequence Yes 0
No 5
Total number of penalty points
AED, automated external defibrillator
Scoring instructions
General statements 
• This assessment instrument can be used for infants and children. 
• In this scenario, a fictitious bystander is present to call the emergency number.
• The casualty in this scenario did not suffer (cervical) trauma.
• PBLS examinations last approximately 2 min: 1 min for items 1-4, and 1 min for 4 CPR cycles. 
• Examinations should be carried out by 2 examiners: 1 to observe technique and 1 to record time. 
• If an item is performed in a way not specified in the instructions below, consensus must be reached 
between 2 examiners on how to score the item.
• For a detailed description of correct PBLS performance, see the 2015 ERC guidelines.2
• ≤15 penalty points is a pass score; >15 penalty points is a fail score.
Item-specific instructions
1. a: The examinee should either say “safe environment” or inspect the environment visibly.
 b: Responsiveness should be assessed with both verbal and physical stimuli.
 c: The bystander should be requested to stay in the vicinity of the casualty.
2. a: Five penalty points are assigned when (1) fingers are not hooked behind the chin bone, but obviously 
impressed on the soft tissue between the chin bone and thyroid cartilage; (2) fingers are placed on the 
chin without lifting it; (3) the chin lift prior to the look-listen-feel procedure is incorrect, even though 
it is adequate during ventilations. One may briefly inspect the oral cavity and remove visible 
obstructions; 10 penalty points for a blind finger sweep. 
3. a: This procedure is incorrect if it lasts >10 seconds.
 b: A request to call the emergency number is incomplete when (1) it is not stated that a child is being 
resuscitated, and (2) the bystander is not requested to look for an AED.
 c: Rescue breaths are inadequate when the manikin’s chest does not rise or too much air is inflated. 
 Five penalty points are allocated when >5 initial rescue breaths are performed (usually done to correct 
for inadequate breaths). When the nose is not pinched during breaths, but the manikin’s chest rises 
adequately, no penalty points have to be assigned.
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Statistical analysis
Data are presented as mean (SD) and/or median with interquartile range (IQR), as 
appropriate. Participant characteristics and assessment scores were compared with 
Spearman’s rank correlation coefficients and Kruskall Wallis one-way analysis of 
variance for ordinal variables and non-parametric distributed data. Statistical analyses 
were performed using SPSS version 22.0. A p-value <0.05 was considered statistically 
significant. 
Results
One of 8 academic and 5 of 17 general hospitals agreed to participate. Of the general 
hospitals, 3 were teaching and 2 were non-teaching. Further details are not provided to 
ensure the anonymity of the hospitals and participants. The majority of the hospitals 
declined participation. The main reasons were, as expected, a lack of time and the 
idea that our unannounced visit would interfere with their daily activities. Some 
hospitals indicated that they were already involved in (enough) other studies. 
Eventually, 58 paediatricians and residents were available for testing. Twenty-one 
percent passed the practical PBLS exam. The overall mean penalty score on the 
practical exam was 27.9 (SD 12.9), median 25.0 (IQR 20.0-36.3). Twenty-nine percent of 
participants failed only on compressions/ventilations, 31% on other parts of the 
algorithm, and 19% on both. The mean penalty score for compressions/ventilations, with 
a maximum of 100 penalty points, was 14.5 (SD 11.1). The mean penalty score for the 
other parts of the algorithm, with a maximum of 45 penalty points, was 13.4 (SD 6.8). 
Cardiopulmonary resuscitation (CPR) was not performed according to the correct 
compression- ventilation ratio of 15:2 by 29% of participants. Most penalty points were 
scored for ‘ratio and sequence’, with a mean of 5.5 (SD 3.2) on a maximum of 10 penalty 
points. Fewest penalty points were scored for ‘breaths’, with a mean of 4.0 (SD 4.4) on 
a maximum of 35 penalty points. 
 The theoretical test had a pass rate of 69%, with an overall mean score of 7.6 (SD 
1.9), median 8.0 (IQR 7.0-9.0). Only 19% of participants passed both the theoretical and 
practical exam. A correlation was found between the practical and theoretical exam: 
a higher penalty score correlated with a lower score on the MCQ (Spearman’s rho 
-0.32, p=0.01).
 Participants who more recently followed PBLS courses performed significantly better 
on the MCQ than those who followed their last course >2 years ago (p=0.03) (Figure 1). 
The association between time since last PBLS course and performance on the 
practical exam was not statistically significant (p=0.11) (Figure 2).  
Questionnaire 
The following participant characteristics were collected: sex, age, specialisation level 
(resident or attending), hospital type (academic or general), and years of experience 
in paediatrics. We determined whether these factors correlated with the resuscitation 
skills of paediatricians and residents. To evaluate retention of skills, the questionnaire 
also included questions on the frequency with which participants had attended PBLS 
courses, the exposure to real-life in-hospital (IHCA) and out-of-hospital cardiac arrest 
(OHCA) in children, and the time interval from last PBLS certification. 
Self-assessment 
Participants rated their own capabilities regarding the following 8 items: airway opening, 
assessment of breathing, assessment of circulation, compressions, ventilations, AED 
use, PBLS knowledge, and overall competence in PBLS. Although AED use was not 
tested during skills assessment for practical reasons, we included it in the self- 
assessment (and MCQ), considering its importance in PBLS. For each item, a 5-point 
Likert scale was used. The cut-off point for self-assessed competence was arbitrarily 
set at ≥32 points (≥80%) on the combined Likert scales, because 80% (as a mark) 
generally reflects ‘good performance’.  
4. a: This procedure is incorrect if it lasts >10 seconds. The examinee should at least look briefly for body 
movements or say something like “not responding”. Only professionals (incl. interns, residents, and 
skilled nurses) are allowed to check the pulse.
5. a: Five penalty points are given when (1) hand(s) or fingers are not placed on the lower half of the 
sternum; (2) in a child, fingers clearly exert pressure on the rib cage. Hand placement should preferably 
be scored during the last 2x15 compressions.
 b: Arms should be vertical and stretched. Arm position should preferably be scored during the last 2x15 
compressions. Arm position is not scored in infants.
 c: This is the length of time of the last 2x15 compressions (i.e. 3rd and 4th cycle) combined. 
 For the sake of clarity: 16-20 seconds means 16,00-20,99 seconds.
 d: This is scored based on the last 2x15 compressions.
 e: This is scored based on the last 2x15 compressions.
6. a: Breaths are inadequate when the manikin’s chest does not rise or too much air is inflated.
 b: This is the length of time of the last 3x2 breaths (i.e. 2nd, 3rd, and 4th cycle) combined.
 A breathing interval starts as soon as the hand(s) or fingers are removed from the manikin’s chest and 
ends when the hand(s) or fingers are placed back on the chest to resume compressions.
7. a: This is scored based on the last 2 cycles. Five penalty points are assigned when extra breaths are 
performed to correct for inadequate ones. If inadequate cycle breaths are correctly compensated, 
penalty points are given for ratio and (possibly) duration of breathing, but not for tidal volume. Five 
penalty points are allocated whenever the examinee deviates from the number 15 for compressions 
during each of the last 2 cycles.
 b: Deviation from the correct sequence of the PBLS algorithm results in 5 penalty points (once).
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Figure 1.  Association between time interval since last PBLS course and  
theoretical test result.
* Significantly different (p < 0.05) compared to last PBLS course < 2 years ago.
Figure 3.  Association between years of experience in paediatrics and  
practical test result.
Significant difference among groups (p < 0.05), with an optimum of PBLS skills in participants with 3-5 years 
of working experience.
Figure 2.  Association between time interval since last PBLS course and 
practical test result.
Figure 4.  Association between age and practical test result.
Significant difference among groups (p < 0.05), with a decline in PBLS skills with increasing age.
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 Fifty-one percent of our participants considered themselves competent in PBLS. 
No correlation was found between self-assessed competence and performance on the 
practical exam (Spearman’s rho -0.154, p=0.25).
Discussion 
Retention of PBLS skills amongst paediatricians and residents was discouraging, 
with a pass rate of 21% on the unannounced practical exam. Compressions/ventilations 
were slightly better performed than other parts of the algorithm. Numerous participants 
(29%) failed to use the correct compression-ventilation ratio. Most often, the adult 
ratio of 30:2 was applied. According to the ERC guidelines, lay people, only trained in adult 
BLS, may use this ratio in the resuscitation of children.2,22 However, since asphyxial 
aetiologies of cardiac arrest are more prevalent in children, medical professionals 
trained in PBLS are expected to resuscitate children with a ratio of 15:2. A few senior 
paediatricians used a ratio of 5:1, which indicates that they were not aware of guideline 
updates.2,3,23 Also, participants sometimes seemed to compensate inadequate 
ventilations, thus delivering ≥3 ventilations per cycle. 
 Theoretical knowledge was retained better than practical skills, which is 
consistent with existing literature.11,13-15 Paediatricians and residents are perhaps 
more exposed to theoretical aspects of PBLS through case discussions, observing 
simulated or real-life resuscitations, and studying CPR textbooks and resuscitation 
guidelines, than to hands-on practice. The focus of various instructional methods, 
such as e-learnings, lies on theoretical knowledge. In our experience, simulation 
training often involves Paediatric Advanced Life Support (PALS) scenarios with a focus 
on systematic (ABCDE) assessment, medication and equipment, clinical reasoning, 
and team work, instead of PBLS with pure emphasis on the quality of compressions 
and ventilations. Refresher courses/booster training sessions with sufficient hands-on 
practice to rehearse compressions and (mouth-to-mouth) ventilations should 
therefore be encouraged. 
 Our findings are in agreement with previous studies that documented poor 
retention of skills amongst healthcare professionals.9,21,24-27 We found a less clear-cut 
association between last PBLS course and practical skills, though. This might be due 
to our limited number of participants. Previous studies on retention of resuscitation 
skills, that used scheduled testing, included 19-224 (mean 84) participants.5,6,8,9,11,13-15 
One of the scarce studies that used unannounced testing of resuscitation skills 
included 49 participants.28 Information on the exact time of last PBLS course was 
obtained by participant self-reporting, possibly introducing recall bias. Furthermore, 
several paediatricians indicated that they also attended adult BLS training. This could 
have skewed our results in opposite directions. On the one hand, various items in 
 The penalty score on the practical exam was not affected by sex, frequency of 
PBLS courses, being PBLS instructor, type of hospital, and number of witnessed IHCAs. 
None of the participants had witnessed an OHCA. Participants who were older, 
attending, and more experienced in terms of years working in paediatrics had higher 
penalty scores than their younger colleagues, who had less experience in paediatrics 
(Figures 3 and 4, Table 3). There was no significant association between age and time 
since last PBLS course. 
Table 3.  Participant characteristics associated with paediatric basic life support skills.















































































































(P)BLS, (Paediatric) Basic Life Support; PALS, Paediatric Advanced Life Support; IHCA, in-hospital cardiac arrest. 
* Significant difference among groups (p < 0.05).
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Children affirmed that almost all candidates pass the PBLS exam at the end of the 
course, which argues against poor acquisition of skills.  
Strengths 
Our main strength was the unannounced examination. Truly unannounced testing 
without any prior notification was ethically and logistically impossible. Most 
importantly, participants were unable to prepare themselves for the ad hoc exam, 
thereby creating a situation that closely resembles real-life paediatric resuscitations. 
By contrast, in many previous studies and conventional PBLS exams, candidates are 
examined at a predefined moment (after training).   
 We used a valid and reliable scoring instrument for the practical exam. 
We meticulously composed a MCQ to assess PBLS knowledge. A validated MCQ was 
not available in the Netherlands. We considered using a standard theoretical PBLS 
test from abroad. However, even if a valid and reliable theoretical PBLS test, based on 
European guidelines, could be found, it would have required a separate study to 
validate a translated version of this test for the Dutch situation. Our MCQ had content 
validity, because it was based on the 2015 ERC guidelines.2 Through critical appraisal 
by experts it also gained face validity. The MCQ had good feasibility, for it could be 
completed in 2-3 min. Most answers to the MCQ questions could not be readily derived 
from the practical exam. 
Limitations
We used a non-recording manikin, because such lower fidelity manikins are still 
widely used, both in the Netherlands and abroad (Laerdal Corporation, personal 
communication), and because our validated scoring instrument was developed for 
these manikins. The ERC considers the use of lower fidelity manikins appropriate for 
all levels of training.22 Moreover, the only skill guide available for the Resusci® Junior 
Basic until now does not generate quantitative, storable data, and does not provide 
feedback on all aspects of compressions and ventilations. 
 Instead of using video recordings, PBLS skills were scored by direct visual 
assessment. Video-based assessment has some advantages, but also some 
audiovisual shortcomings. As Jones et al. state: ‘The perspective of the camera is 
unlike the human eye, and does not have the same peripheral and depth perception 
that humans have’.30 Considerations of the candidates may also be inaudible on 
video. We believe that video-based assessment is not necessarily superior to direct 
visual assessment, provided that two examiners are involved in the latter, which was 
the case in this study. One examiner leveled to the manikin’s chest to observe 
compressions and ventilations from the side of the manikin, as suggested by Jones et 
al..30 The other examiner recorded the duration of compressions and ventilations. It 
has been reported that most clinicians do not use CPR feedback devices and rely on 
adult BLS correspond with PBLS, so this training can be regarded as a partial refresher 
for PBLS. Conversely, some fundamental differences exist between adult BLS and 
PBLS, such as the compression-ventilation ratio and 5 initial rescue breaths. 
Participants that recently attended adult BLS training might have erroneously applied 
the adult ratio, as we discussed above. We did not inquire after adult BLS training in 
our questionnaire, but were informed about this by some participants. 
 Three variables were significantly and inversely related to PBLS skills: age, years 
of experience in paediatrics, and specialisation level. In contrast with previous 
studies,6,8,13 we did not find a direct association between frequency of PBLS courses 
and retention of skills. Nevertheless, the importance of frequent PBLS training might 
still indirectly become clear. That is, residents performed better than attendings on 
the practical exam. An explanation could be that residents follow more frequent PBLS 
training (in addition to official courses) as part of their medical education than 
attendings and therefore retain their PBLS skills better. None of the participants had 
witnessed an OHCA. Only 21% of participants had witnessed >10 IHCAs. Evidently, 
there are limited clinical opportunities for paediatric professionals to consolidate 
their resuscitation skills. More working years in paediatrics does therefore not 
automatically lead to more competence in PBLS. 
 Approximately half of our participants considered themselves proficient in PBLS. 
This is comparable with previous studies, in which ~30-50% of participants felt 
sufficiently qualified to conduct (paediatric) life support.16-18 Many studies in this 
respect pertained to medical students or residents, whereas we also included 
attending physicians. During our unannounced visits, several paediatricians indicated 
that they were not available for testing. This may have led to the inclusion of 
paediatricians who felt more equipped to perform PBLS, possibly resulting in a higher 
level of self-assessed competence. Participants may have also overestimated 
themselves, because their self-assessed competence did not correlate with their 
performance on the practical exam. This is an important consideration in light of the 
finding that people who overestimate themselves are probably less susceptible to 
corrective feedback.29
 A study design in which participants would be recruited and examined at different 
time intervals from last certification was considered as an alternative strategy to 
ours. However, such a design entails a major logistic challenge and does not really 
allow for unannounced testing. Moreover, time intervals in our study automatically 
varied, because participants attended their last PBLS course at different moments in 
the past. In addition, it would have been informative to compare our (practical) exam 
results with the scores of the participants on their last PBLS certification. However, 
the latter scores were confidential, unavailable, and incomparable to ours, for we 
used a new, validated scoring tool to assess PBLS skills. Although exact pass rates 
could not be provided, the Dutch Foundation for the Emergency Medical Care of 
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visual assessment to assess CPR quality during clinical care.30 As long as this happens 
on a large scale in real life, it seemed justifiable to assess PBLS visually in this study. 
 We may have induced selection bias, since paediatricians/residents could decline 
participation at the time of our visit. The ones who felt more competent may have 
been more inclined to take part. If so, the pass rates in our study are an overestimation 
of the true PBLS knowledge and skills amongst paediatricians/residents. This only 
corroborates the contention that retention of PBLS skills requires attention. In spite 
of this speculation, we believe that most paediatricians/residents were truly too busy 
to participate. We were unfortunately not informed about the exact number of 
paediatricians/residents that were present, but not available for testing during our 
visit.
 Younger participants performed PBLS skills significantly better than their senior 
colleagues. Since we included more younger participants (34 participants <40 years 
vs. 24 participants >40 years), the skewness in age might have led to an overestimation 
of PBLS skills. Again, this would underscore our claim that the resuscitation 
preparedness of paediatricians needs attention.
 Finally, we used a 5-point Likert scale for self-assessment. Such a categorical 
scale has been used for self-assessment of resuscitation skills before.29 We realise, 
however, that this reduced the precision of our measurement and may have prevented 
us from finding a correlation between self-assessed competence and performance on 
the practical exam.
Conclusions 
Retention of PBLS skills appears to be poor amongst paediatricians and residents. 
PBLS knowledge is retained a little better. More research is needed to identify ways 
to ameliorate the resuscitation preparedness of paediatricians and residents with the 
ultimate goal to improve the survival rate of children with cardiac arrest.
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Appendix 1. Theoretical test.
Explanation
The questions below pertain to the basic life support in children (age: 1 month to 
adolescence). These questions are based on the European guideline for basic life 
support (BLS) in children, as formulated by the European Resuscitation Council (ERC) 
in 2010 and 2015. There will be no correction for guessing on this multiple-choice test. 
You will pass this test if ≥ 8 questions are answered correctly.
Instructions
Please select the correct answer for each question. Each question has only 1 correct 
answer.
Questions 
1. What is the best criterion to determine the need for chest compressions in a child?
 The absence of arterial pulsations
 The absence of signs of life
2. In which position should an infant’s (<1 year) head be held during mouth-to-mouth 
ventilations?
 Neutral position 
 Head tilt (“sniffing position”)






4. Between which minimum and maximum should the chest compression rate be kept 
during the resuscitation of a child?
 100 and 120 compressions per minute, respectively
 100 and 140 compressions per minute, respectively
 80 and 120 compressions per minute, respectively
 60 and 120 compressions per minute, respectively
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5. When performing chest compressions on a child, the sternum must be pressed 
down to at least:
 1/4 of the anterior-to-posterior thoracic diameter
 1/3 of the anterior-to-posterior thoracic diameter
 2/3 of the anterior-to-posterior thoracic diameter
 1/2 of the anterior-to-posterior thoracic diameter
6. In children, a primary cardiac arrest due to cardiac arrhythmia is more common 
than a secondary cardiac arrest. 
 Correct
 Incorrect
7. What is the recommended energy level for defibrillation of a child with a manual 
defibrillator?
 1 Joule per kilogram body weight
 2 Joules per kilogram body weight
 4 Joules per kilogram body weight
 150 Joules
8. When a choking, conscious child turns red and starts coughing with deep inhaling 
breaths in between, the child must be stimulated to continue coughing. You do 
not have to intervene otherwise as long as the situation does not deteriorate.
 Correct
 Incorrect





10. When you witness the sudden collapse of a child and you are the only person 
around, you should:
 First call for help and try to get an AED
 First start resuscitation (BLS) for 1 minute before getting help and/or getting 
an AED
 First give 5 rescue breaths 
------ End of theoretical exam ------
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Background
Paediatric out-of-hospital cardiac arrest is a rare but serious event, with an estimated 
incidence of 1-20 per 100,000 person-years and a survival rate of 10% or less.1-3 It has 
been reported that bystander cardiopulmonary resuscitation (CPR) is provided in 
only one-third to two-thirds of cases, and that the use of an automated external 
defibrillator is rare.1,3 Proper paediatric basic life support (PBLS) training may reduce 
the number of casualties. 
 Healthcare professionals are first and foremost expected to perform high-quality 
(paediatric) basic life support. This group includes medical students, since society 
expects them to be equally capable as physicians in an emergency situation.4 
However, only a minority of medical students is sufficiently competent in performing 
PBLS.5,6 Previous research has also shown that the self-efficacy of medical students 
with regard to PBLS is inferior to their self-efficacy regarding adult BLS.4 Self-efficacy 
refers to a person’s belief in his/her capability to organise and execute actions for 
the attainment of a particular goal.7,8 It is a predictor of behaviour in that it influences 
the initiation of, devotion to, and perseverance in a certain action, despite challenges. 
As such, self-efficacy is context and task specific, as opposed to self-confidence, 
which is a more general, situation-independent personality trait, not significantly 
associated with future behaviour.7,8 In the field of resuscitation, self-efficacy is clearly 
important, inasmuch as it relates to the confidence of providers to start and continue 
CPR when confronted with real patients in cardiac arrest. Thus, adequate PBLS training 
is crucial for medical students to improve their resuscitation skills and increase their 
self-efficacy.
 At the time of our study, students following the bachelor curriculum of our 
medical school (Radboud University, Nijmegen, the Netherlands) only received adult 
basic life support (BLS) training. In the master phase, fifth-year medical students 
were trained in PBLS for the first time, just prior to their paediatric internship. This 
latter course was provided by paediatricians and involved a two-hour programme, 
including a theoretical part (background information on paediatric resuscitation) and 
a practical part (PBLS training on a manikin). Expert-led training in small groups has 
been the routine for years, but with a growing clinical workload for specialists, both 
in our centre and elsewhere, this type of training is becoming more difficult to realise. 
Peer-led BLS training can be an effective and valued alternative to teach medical 
students.9 Peer teaching benefits medical students in that it offers education adjusted 
to their cognitive level and it creates a safe learning environment, because peer 
instructors are probably less threatening to students.10 Nevertheless, no research 
has been conducted hitherto to evaluate the effect of peer teaching on the self-efficacy of 
medical students in the context of (P)BLS.9,11 It is known that healthcare professionals, 
who are skilled in resuscitation techniques, may fail to apply these techniques 
Abstract 
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way of teaching medical students, yet no research has been conducted to evaluate 
the effect on the self-efficacy of medical students. High self-efficacy stimulates 
healthcare professionals to initiate and continue basic life support despite challenges. 
Methods 
A randomised controlled trial, in which medical students received paediatric basic 
life support (PBLS) training, provided by either near-peer instructors or expert 
instructors. The students were randomly assigned to the near-peer instructor group 
(n=105) or expert instructor group (n=108). All students received two hours of PBLS 
training in groups of approximately 15 students. Directly after this training, self-efficacy 
was assessed with a newly developed questionnaire, based on a validated scoring 
tool. A week after each training session, students performed a practical PBLS exam 
and completed another questionnaire to evaluate skill performance and self-efficacy, 
respectively.
Results 
Students trained by near-peers scored significantly higher on self-efficacy regarding 
all aspects of PBLS. Theoretical education and instructor feedback were equally 
valued in both groups. The scores for the practical PBLS exam and the percentage of 
students passing the exam were similar in both groups.
Conclusions 
Our findings point towards the fact that near-peer-trained medical students can 
develop a higher level of PBLS-related self-efficacy than expert-trained students, 
with comparable PBLS skills in both training groups. The exact relationship between 
peer teaching and self-efficacy and between self-efficacy and the quality of real-life 
paediatric resuscitation should be further explored. 
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courses developed by the European Resuscitation Council (ERC). All four paediatricians 
possessed nationally accredited university teaching qualifications and were all-round 
medical educators. They provided PBLS training to medical students, in the same way 
as described in this study, several times each year. They were familiar with the 
educational setting and medical curriculum. 
 Near-peer instructors were skilled and certified first aid instructors with at least 
three years of experience in teaching BLS and PBLS to students. They were all fifth or 
sixth-year medical students who had successfully completed their paediatric 
internship. They were randomly selected from the pool of student first aid instructors 
available in our centre. All near-peer and expert instructors were invited to an 
additional instructor course, which contained background information on PBLS and 
didactic strategies involved in PBLS training. 
Participants 
In our master curriculum, each month, a new group of approximately 30 fifth-year 
medical students follows a preparatory course for their paediatric internship. Within 
the time frame of this study, we were able to include all students of 7 groups that 
attended this course. Written informed consent was obtained from all students 
before study participation. The students were unaware of the aim of the study.
Study design
This study was a randomised controlled trial (Figure 1). Blinding of the students was 
not achievable, considering our study design. During the 7-month study period, 
monthly PBLS training sessions were organised. An independent person was 
responsible for randomisation. Half of the training sessions were led by expert 
instructors (expert instructor group, EIG), the other half by near-peer instructors 
(near-peer instructor group, NPIG). Apart from the intervention of interest (type of 
instructor), all educational interventions were identical in both groups. Thus, 
near-peer and expert instructors used the same teaching content and methods.
 Before start of the training, background characteristics of the students were 
collected. Previous experience with PBLS was defined as any previous encounter with 
PBLS, either during training or in real life. Since competence in and self-efficacy 
regarding PBLS is importantly different than being proficient and self-efficacious in 
terms of adult BLS,4 we focused on previous PBLS exposure. The potential confounding 
effect of this characteristic was considered to be more important than that of earlier 
BLS experience. In general, all medical students attended at least one adult BLS 
course prior to participation in our study, for this is a mandatory component of their 
bachelor curriculum. Only a very small minority of medical students is confronted 
with the resuscitation of an adult in clinical practice.  
successfully, unless they have an adequately strong belief in their own capabilities.7 
Hence, there is a strong need for a curriculum, which enables medical students to 
gain a high level of self-efficacy.
 Outside the context of (paediatric) resuscitation, there is some, though limited 
evidence that peer teaching promotes self-efficacy. In a study by Owens et al., peer 
instruction conduced to increased self-confidence regarding the performance of 
psychomotor nursing skills.12 However, self-confidence is not the same as self-efficacy. 
Schunk demonstrated that peer models were better able to improve the self-efficacy 
of children in terms of learning cognitive skills than adult models could.13 There are, 
in addition, two theory-based explanations that give credibility to the hypothesis that 
peer teaching stimulates self-efficacy. First, vicarious experiences or observational 
learning can generate self-efficacy in observers. Seeing others accomplishing a 
particular task makes them believe that they can also achieve success through 
perseverance; it motivates them to start performing that task.13,14 The most effective 
models for observational learning are demographically and psychosocially similar to, 
yet slightly more competent than the learners.7 Near-peers neatly fulfil this 
description, as they are somewhat more advanced and competent than the students 
they teach, and they are ‘cognitively and socially congruent’ with their students.15 
Second, Artino stated that self-efficacy can be promoted by encouraging learners to 
set challenging and proximal goals, that is, targets within their range of abilities.14 Ten 
Cate et al. basically recalled the same notion by referring to the ‘zone of proximal 
development’. This means that learning is thought to be most effective when the gap 
between what is known and what must be learned is just enough to incite study 
behaviour in the learner. Since they are cognitively and socially congruent, near-peers 
are better able to ‘sense this zone’ and explore the needs and challenges of the 
students than expert teachers, who usually function on a different cognitive, social, 
and semantic level.15
 The primary aim of this study was to compare the PBLS-related self-efficacy of 
medical students who were trained by either expert instructors (paediatricians) or 
near-peer instructors. We also compared the skill performance of these two groups 
by assessing their pass rates on a simulated PBLS exam. 
Methods
Instructors
Four paediatricians, working in our centre (Radboud University Medical Center Amalia 
Children’s Hospital, Nijmegen, the Netherlands), took part as expert instructors. 
These paediatricians were very proficient and experienced in (teaching) PBLS. They 
were all certified instructors, not only locally, but also for national resuscitation 
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after their training session. In the first part of the questionnaire, six visual analogue 
scales (VAS), ranging from 0 to 100, were used to assess self-efficacy regarding PBLS 
in general and compressions and ventilations in infant and child resuscitation in 
particular. In the second part of the questionnaire, students were asked to give a 
score (ranging from 0 to 100) for the following categories: theoretical education 
(6 questions), the quality of the feedback provided by the instructor (7 questions), 
and self-efficacy with respect to infant (7 questions) and child resuscitation 
(8 questions). At the end of the questionnaire, students were asked to evaluate the 
overall training session, giving it a mark between 1 (worst) and 10 (best).
 A week after each training session, students completed a PBLS exam. This exam 
consisted of a standard PBLS scenario performed on a Resusci® Junior Basic manikin 
according to the algorithm described in the ERC guidelines,16 including 4 cycles of 
ventilations and compressions. We used the 2010 ERC guidelines as a reference, since 
our study took place just before the Dutch translation of the 2015 ERC guidelines was 
issued. Note that the PBLS algorithm was left unchanged in this latest update of the 
guidelines. All examinations were recorded on video. A random selection of approximately 
50% of the videos was subsequently scored using a valid and reliable assessment 
instrument for PBLS (Chapter 3).17 In this scoring instrument, all items/steps of the 
PBLS algorithm, as issued by the ERC, are represented. Per item, 5, 10, 15, and 20 
penalty points can be assigned to minor, moderate, substantial, and fatal errors, 
respectively. Clear and concise instructions are provided to guide the scoring process. 
To pass the exam, 15 penalty points or less are required. The intrarater reliability of 
this scoring instrument is substantial, with a weighted Cohen’s Kappa coefficient of 
0.62 (95% CI: 0.45-0.81). The (single) person scoring the videotaped exams was blinded 
for the type of instructor. Following the exam, students completed a second VAS-based 
questionnaire on self-efficacy regarding paediatric resuscitation in general and 
compressions and ventilations in particular. This questionnaire was identical to the 
one completed after training as far as items on self-efficacy were concerned. Whereas 
the first questionnaire contained additional items on training aspects, this version 
had only one additional item on nervousness prior to the exam to gauge students’ 
sense of preparedness. 
Statistical analysis
Statistical analyses were performed using SPSS  (SPSS, version 21.0.01, SPSS Inc., 
Chicago, Illinois, USA). The t-test and chi-square test were used to compare background 
characteristics. VAS-scores were analysed by the independent samples t-test for 
parametric outcomes and by the Mann-Whitney U test for non-parametric outcomes. 
For analysis, all the subquestions in the second part of the questionnaire, belonging 
to one of the four main categories (theoretical education, feedback by the instructor, 
self-efficacy in infant resuscitation, and self-efficacy in child resuscitation), were 
 PBLS training sessions lasted two hours. They took place in large classrooms at 
the authors’ institution. The instructor-to-student ratio was approximately 1:15. 
Training started with a lecture, during which background information on paediatric 
resuscitation and the step-by-step approach of the PBLS algorithm were taught, 
using an interactive teaching style. Students could ask questions throughout the 
presentation. Differences between infant and child resuscitation were highlighted. 
The presentation contained clear images taken from manuals and textbooks on PBLS 
as well as a few short instructional videos. Next, students assembled around the 
instructor, who provided a PBLS demonstration. This was followed by practical, hands-on 
training of PBLS skills on an infant and child manikin (SimBaby® and Resusci® Junior 
Basic, respectively, Laerdal Benelux, the Netherlands). Students rehearsed the technical 
and non-technical skills of the PBLS algorithm in small groups consisting of 2-3 
students each. The instructor walked around, answered questions, provided additional 
skill demonstrations if necessary, and checked if all steps of the PBLS algorithm were 
performed adequately by the students. At the end, students had a final opportunity 
to discuss remaining uncertainties plenarily.
 To assess students’ self-efficacy, a questionnaire was developed based on a 
validated scoring tool by Turner et al..8 Students completed this questionnaire directly 
Figure 1.  Flowchart.
•  2-hour PBLS training (n=108) 
•  First questionnaire (n=108)
•  Videotaped PBLS exam on
 manikin (n=104)
•  Second questionnaire (n=104)
•  2-hour PBLS training (n=105)
•  First questionnaire (n=105)
Randomised into expert instructor
group (n=108) 
•  Videotaped PBLS exam on
 manikin (n=103) 
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Appraisal of theoretical education and instructor
Training sessions were appreciated in both groups, with a mark of 8.08 and 8.09 in the 
NPIG and EIG, respectively (p=0.72). There were no significant differences between the 
two groups regarding the appraisal of theoretical education and feedback provided 
by the instructor (Table 3).
PBLS examination
Two hundred and seven students completed a PBLS exam (97.2%). Students in the 
NPIG reported a significantly higher self-efficacy regarding paediatric resuscitation 
in general and compressions and ventilations in particular than students in the EIG, 
with a mean difference of 6 points on a 0-100 scale. There was no difference in 
nervousness prior to the exam (p=0.38) (Table 4). 
combined, which resulted in four scores. Skewness and kurtosis were calculated to 
assess whether results were parametric or not. If so, the t-test was used to compare 
groups. If not, the Mann-Whitney U test was used. Categorical analyses were 




Two hundred and thirteen students participated in this study: 105 in the NPIG and 
108 in the EIG. Nine students did not provide their background characteristics. 
There were no significant differences between the two groups regarding sex, age, 
and previous experience with PBLS (Table 1). 
Self-efficacy
On all six VAS, the NPIG scored significantly higher than the EIG (Table 2), indicating a 
higher self-efficacy regarding PBLS in general and compressions and ventilations on 
an infant and child in particular in the NPIG. 
 The results of the second part of the questionnaire showed considerable 
consistency with those of the first part. With a Cronbach’s alpha of 0.748 and 0.788 
for infant and child BLS, respectively, our questionnaire had an acceptable internal 
validity. Near-peer-trained students scored significantly higher on self-efficacy relating 
to infant and child resuscitation than expert-trained students (Table 3).
Table 1. Background characteristics of the participating students.




























Missing data 2 (1.9%) 7 (6.5%)
(P)BLS, (paediatric) basic life support.
Table 2. VAS scores of self-efficacy regarding infant and paediatric resuscitation. 
Near-peer instructor Expert instructor
Mean 95% CI Mean 95% CI p value
Infant resuscitation in general 65.58 62.98-68.28 55.28 51.58-58.98 <0.001
Compressions in infants* 70.91 68.36-73.47 59.94 56.09-63.79 <0.001
Ventilations in infants 64.44 61.46-67.42 51.58 47.63-55.53 <0.001
Child resuscitation in general* 72.19 69.71-74.66 63.21 59.94-66.48 <0.001
Compressions in children* 75.10 73.08-77.12 64.71 61.05-68.37 <0.001
Ventilations in children* 71.76 69.51-74.00 62.54 58.86-66.23 <0.001
* Non-parametric: Mann-Whitney U test.
Table 3. Marks for self-efficacy and quality of the training sessions.
Near-peer instructor Expert instructor
Mean 95% CI Mean 95% CI p value
Self-efficacy in infant BLS* 75.71 73.96-77.47 71.37 68.87-73.87 0.007
Self-efficacy in child BLS* 77.62 75.91-79.33 73.88 71.54-76.21 0.007
Theoretical education 82.29 79.56-85.03 79.72 77.25-82.19 0.35
Quality of feedback 85.78 83.79-87.77 86.70 84.90-88.50 0.58
Overall mark 8.08 7.95-8.21 8.09 7.97-8.22 0.72
*Non-parametric: Mann-Whitney-U-Test. BLS, basic life support.
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self-efficacy regarding adult BLS,4 though it increases with training.18 It appears that 
the correlation between self-efficacy and quality of paediatric resuscitation requires 
further elucidation.19,20 In a study, in which consultants and trainee paediatricians 
and anaesthesiologists scored their self-efficacy for paediatric resuscitation skills 
before taking an unannounced simulated resuscitation test and objective structured 
clinical examination (OSCE) of chest compressions and bag and mask ventilation, 
self-efficacy correlated moderately with the quality of global performance on the 
simulation test, but not with the OSCE scores, nor was quality of individual skills 
during the simulation related to self-efficacy.19 Plant et al. found a significant, positive 
correlation between paediatric residents’ self-efficacy in situation awareness and 
environment management and overall performance of crew resource management 
skills.20 These authors suggested that, in a specific context, self-efficacy, as a form of 
self-assessment, may be informative with regard to performance.  
 It appears that near-peer instructors are at least as capable as expert instructors 
in teaching basic resuscitation skills to medical students. The fact that near-peer-in-
structed medical students passed their PBLS exam in a rate comparable to that of 
students trained by experts shows that near-peer teaching can be equally effective. 
These findings seem to support the possibility of (partially) replacing busy and costly 
specialists by near-peer instructors in PBLS courses.
 Our results correspond with those of Hughes et al., who also found no difference 
in pass rate between peer-trained and expert-trained medical students on a BLS 
exam.11 A study by Perkins et al. even showed a higher pass rate when students were 
taught by peers compared to clinical staff.9 A peer-led training programme improved 
the performance and retention of BLS skills of pharmacy students.21 Recently, a 
randomised controlled trial (RCT), conducted in Syria, also showed that peer-led 
training was as effective as professional-led training in delivering theoretical BLS 
knowledge and practical BLS skills to medical students.22 Peer-led training resulted 
in student satisfaction, and peer-trained students indicated that they were more at 
ease and experienced greater motivation, interaction, and enthusiasm than profes-
sional-trained students. Professionals were, on the other hand, better able to answer 
difficult questions than peers. The authors of this report emphasised the value of 
peer education for BLS in countries with limited resources. The number of participants 
included in this study was relatively small (64 students) and BLS skills were assessed 
with a non-validated performance checklist. German researchers also performed an 
RCT, including 1087 secondary school students, to investigate whether hands-on BLS 
mass training provided by peer instructors was non-inferior to training offered by 
professionals.23 Although this study could not demonstrate the non-inferiority of 
peer-led training compared to professional-led training – using a non-inferiority 
margin of 5% – due to an inadequate sample size, the pass rates of both groups for 
the practical BLS examination were very similar (40.3% vs. 41.0%, respectively), 
 Half (102, of which 52 in the NPIG and 50 in the EIG) of the videotaped PBLS exams 
were assessed with the validated assessment instrument. Pass rates were similar in 
both groups (NPIG 67.3% vs. EIG 62.0%, p=0.58). The mean number of penalty points 
was 15.67 in the NPIG and 16.50 in the EIG (p = 0.69) (Table 5).
Discussion 
Our findings suggest that medical students trained by near-peer instructors develop 
a higher level of self-efficacy regarding all aspects of infant and child BLS than 
students trained by expert instructors. Near-peers are seemingly able to ensure that 
medical students feel properly prepared for BLS in infants and children. Focusing on 
self-efficacy is important. It is a predictor of behaviour in that it influences the 
initiation and continued performance of (resuscitative) efforts, despite challenges 
and setbacks.7 Self-efficacy is believed to be of particular importance in the context 
of resuscitation, because it influences the development of and access to the 
associated knowledge and skills.7 Unfortunately, there are no studies available on the 
association between students’ self-efficacy and their performance of PBLS skills. In 
general, the self-efficacy of students regarding PBLS is much lower than their 






Penalty points 15.67 16.50 0.69
Result 35 passed (67.3%) 31 passed  (62.0%) 0.58
Table 4. VAS scores of self-efficacy and nervousness for PBLS exam. 
Near-peer instructor Expert instructor
Mean 95%CI Mean 95%CI p value
Paediatric resuscitation in 
general
71.41 69.35-73.46 65.39 62.84-67.93 <0.001
Compressions 75.43 73.40-77.46 70.06 67.65-72.46 <0.001
Ventilations 68.80 66.52-71.08 62.69 59.31-66.07 <0.001
Nervousness 27.87 23.61-32.16 31.89 27.58-36.20 0.38
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importantly different between groups. Finally, as said before, students could not be 
blinded in this study design. 
Conclusions
Our results point towards the fact that near-peer-trained medical students can 
develop a higher level of PBLS-related self-efficacy than expert-trained students. 
PBLS skill performance was similar in both training groups. Based on our findings, 
some previous work,12,13 and the abovementioned theoretical considerations, the 
hypothesis that (near-)peer teaching has an intrinsic, positive impact on self-efficacy 
may gain credibility. Future studies are needed to support this hypothesis. Also, it 
remains to be determined whether the seemingly higher self-efficacy following 
peer-led paediatric resuscitation training is retained in the long run, whether our 
results can be extrapolated to different healthcare professionals and other forms of 
life support training, and whether increased self-efficacy actually translates into 
improved performance of real-life (paediatric) resuscitation.   
corroborating the effectiveness of peers as life support instructors. Again, the 
assessment tool used in this study was not validated. The comparability in BLS skills 
between peer-trained and professional-trained participants in the Syrian and German 
trials is especially notable, considering the fact that peers were relatively inexperienced 
in both studies; they merely attended a single/short instructor course prior to the 
study. In addition, the extensive single-centre experience and literature review 
described by Harvey et al. clearly support the beneficial effects and excellent 
outcomes of peer involvement in BLS training for healthcare students.24 However, 
none of these studies investigated self-efficacy of the students as outcome measure. 
 Ten Cate and Durning described 12 distinct reasons for a broader application of 
peer teaching.10 This type of education can be beneficial to learners, because it is 
tailored to their cognitive level. It may also lower the threshold to ask questions. 
Experts may fail to understand the problems that students encounter while learning 
certain skills, due to a significant cognitive and communicative gap. On the other 
hand, peer teaching may also favour the teachers themselves. It enables peer 
educators to develop leadership skills and didactic qualities, which are unequivocally 
important for their future career as medical specialists. Recently, an article, containing 
twelve tips on how a peer-led medical education society can be set up and run, was 
published.25 
 Three students participating in our study were BLS instructors. These students 
were not excluded from analysis, because their small number and more or less even 
distribution over both study groups made it highly unlikely that their exclusion would 
have altered our results. Moreover, being a BLS instructor was not a predefined 
exclusion criterion, so exclusion would have constituted a post-hoc modification. One 
student in the NPIG and five students in the EIG did not perform the PBLS exam. We 
were not informed about the reason for their absence. In general, the main reason for 
such absence is intercurrent illness of the student or a family member. For the analysis 
of skill performance, we used a random selection of approximately 50% of the 
videotaped PBLS exams. Thus, the drop outs did not affect these results.
 There are some limitations to this study. Two expert instructors were not able to 
attend the additional instructor course. Although well-motivated, they were too busy 
with their clinical work at that time. This may have resulted in a different instruction 
style compared to the other trainers. However, these expert instructors already had 
years of experience in teaching PBLS to medical students. Our study had a rather 
early endpoint, which was deliberately chosen. As the medical students fan out for 
their internships shortly after this course, later endpoints would have caused major 
loss to follow up. Another shortcoming was the fact that we did not perform a pretest 
to determine baseline self-efficacy and skills prior to the training sessions. Since both 
study groups consisted of same-year medical students with an equally small amount 
of experience in PBLS, it is unlikely that baseline self-efficacy and competence were 
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23. Beck S, Issleib M, Daubmann A, Zöllner C. Peer education for BLS-training in schools? Results of a random-
ized-controlled, noninferiority trial. Resuscitation 2015;94:85-90.
24. Harvey PR, Higenbottam CV, Owen A, Hulme J, Bion JF. Peer-led training and assessment in basic life 
support for healthcare students: synthesis of literature review and fifteen years practical experience. 
Resuscitation 2012;83:894-899.
25. Fleming-Nouri A, Crocombe D, Sammaraiee Y. Twelve tips on setting up and running a peer-led medical 
education society. Med Teach 2016;38:1199-1203.
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Conclusions 
Our scoring instrument for simulated neonatal intubations appears to be reliable, 
feasible, and applicable in another centre. Construct validity could not be established. 
What is already known on this topic?
• Neonatal intubation is a life-saving procedure with potentially serious consequences 
when performed inadequately.
• Extensive procedural training and regular exposure are required to acquire and 
maintain competence in neonatal intubation.
• A valid and reliable scoring instrument is needed to assess (retention of) neonatal 
intubation skills, compare training methods, and provide targeted feedback. 
What this study adds
• A novel, apparently reliable and practical scoring instrument with face and content 
validity is provided for the assessment of simulated neonatal intubations.
• This all-inclusive scoring instrument appears to be applicable in different settings. 
• We also provide suggestions to further validate this scoring instrument (for the 
clinical situation).
Introduction
Endotracheal intubation is a common and life-saving procedure in neonatal care. 
Therefore, optimal performance should be pursued.1 However, previous research has 
shown that this technically complex skill was successful in only 50% of all first 
attempts or required more than the 30 seconds recommended by the Neonatal 
Resuscitation Program (NRP).2 Adverse events, such as oesophageal intubation, 
airway trauma, and hypoxaemia, occurred in about 40% of all neonatal intubations, 
which can result in cardiopulmonary instability, brain damage, or even death.3 
 More experience in neonatal intubation is associated with greater success and 
shorter duration.4,5 Nevertheless, adequate methods to acquire and maintain neonatal 
intubation skills are lacking.6 To increase the success rates of neonatal intubation, 
efficient educational strategies and advanced procedural training are essential.7 
 For the evaluation of training methods, a valid and reliable neonatal intubation 
scoring instrument (NISI) is required, preferably one that can be applied in various 
settings. Such a scoring tool can also be used to (1) periodically test clinicians for 
quality assurance, (2) compare clinicians’ intubation skills, (3) appraise retention of 
skills, and (4) provide targeted feedback during procedural training according to the 
‘assessment for learning’ approach.8 The ultimate goal is to improve intubation skills 
and clinical outcomes. Several scoring tools have been published. However, these 
Abstract
Objective  
To determine the validity, reliability, feasibility, and applicability of a neonatal 




Simulation-based research and training centre (CAPE), California, US.
Subjects
Forty clinicians qualified for neonatal intubation.
Interventions 
Videotaped elective intubations on a neonatal patient simulator were scored 
by 2 independent raters. One rater scored the intubations twice. We scored the 
preparation of equipment and premedication, intubation performance, tube position/ 
fixation, communication, number of attempts, duration and successfulness of 
the procedure. 
Main outcome measures
Intraclass Correlation Coefficients (ICCs) were calculated for intrarater and interrater 
reliability. Kappa coefficients for individual items and mean Kappa’s for all items 
combined were calculated. Construct validity was assessed with one-way ANOVA 
using the hypothesis that experienced clinicians score higher than less experienced 
clinicians. The approximate time to score one intubation and the instrument’s 
applicability in another setting were evaluated.  
Results
ICCs for intrarater and interrater reliability were 0.99 (95% CI, 0.98 to 0.99) and 0.89 
(95% CI, 0.35 to 0.96), and mean Kappa’s were 0.93 (95% CI, 0.85 to 1.01) and 
0.71 (95% CI, 0.56 to 0.92), respectively. There were no differences between the more and 
less experienced clinicians regarding preparation, performance, communication, and total 
scores. The experienced group scored higher only on tube position/fixation (p=0.02). 
Scoring one intubation took approximately 15 min. Our instrument, developed in the 
Netherlands, could be readily applied in the US.
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 Standardised scoring instructions (Appendix 2) were specified for all items by MB 
and RB. No relevant amendments were made by the US neonatologists. An attempt 
was defined as every insertion of the laryngoscope blade into the oropharynx.4 
Successful tracheal intubation was detected by sensors in the neonatal patient 
simulator.
 All items were considered essential parts of the intubation procedure and were 
therefore assigned equal weight. Nevertheless, with a higher likelihood of complications 
resulting from multiple/prolonged intubations, we awarded extra points for successful 
(first) attempts and subtracted points for intubations lasting >30 seconds.3 The score 
for each intubation was a percentage score, calculated as follows: 20 and 10 points 
were added to the sum of awarded points when the intubation was successful 
and achieved in one attempt, respectively. Five and 10 points were subtracted for 
intubations lasting >30 seconds and >60 seconds, respectively. These bonus and 
penalty points were arbitrarily chosen, though in proportion to the awarded number 
of points, and based on consensus among the investigators. Total score was divided 
by the maximum possible points, correcting for ‘not applicable’ items, and multiplied 
by 100.
Subjects, setting, and scenario
Forty medical professionals, qualified for neonatal intubation, allied to Lucile Packard 
Children’s Hospital, and available within the time frame of this study (February-May 
2016), were included. All subjects performed an elective intubation on a neonatal 
patient simulator (SimNewB, Laerdal Medical AS, Stavanger, Norway) at CAPE. All 
simulations followed a predetermined script, with standardised characteristics of the 
manikin and environment (Table 1). 
 Simulations were videotaped with a GoPro HERO 4 camera (GoPro, Inc., San Mateo, 
CA, USA) affixed to the radiant warmer. Additional views were obtained from ceil-
ing-mounted cameras, of which the two most informative were selected for the 
assessment of each simulated intubation. These views were combined into one video 
file with four windows, including a monitor of the vital signs and audio, to be used for 
scoring. 
Reliability
All videotaped simulations were scored twice by the principal investigator (RB) 
to determine intrarater reliability. The first rating (RB1) took place one week after the 
simulation, the second (RB2) consistently 3 weeks thereafter to minimise recall of 
ratings. RB could not be blinded, since she was present during all simulations. For 
interrater reliability, a second investigator (MB) independently scored all videotaped 
simulations while blinded for the subjects’ level of experience. 
were only partially validated, not specifically designed for the neonatal intensive care 
unit (NICU) or delivery room, or meant to assess overall newborn life support (NLS) 
abilities instead of intubation skills.9-11 
 The aim of this study was to develop a NISI and determine its validity, reliability, 
and feasibility in a simulation environment. We deliberately decided to test the 
measurement properties of our Dutch NISI in the US to evaluate its applicability in a 
different setting. Apart from using it for summative assessment in the context of 
research, our scoring instrument is also intended to be used for formative assessment, 
because it can be employed to provide almost immediate feedback to clinicians on 
their intubation skills during training. 
Methods
Development of the scoring instrument
This study was part of an international collaboration between the Center for Advanced 
Pediatric and Perinatal Education (CAPE), Stanford University, Palo Alto, US – a 
well-equipped simulation-based research centre  – and the Radboudumc, Nijmegen, 
the Netherlands. CAPE was chosen as the different setting abroad to test the NISI, 
that was recently devised by a Dutch neonatologist (MB), working in the NICU of the 
Radboudumc, and a Dutch medical intern (RB), who was not employed in the NICU, but 
assigned to this research project and trained at CAPE to assess simulated neonatal 
intubations. The NISI was neither used nor tested in our Dutch NICU before. The 
instrument incorporated all items/tasks required during the neonatal intubation 
procedure, based on the clinical practices in the NICU of the Radboudumc (Appendix 
1). After multiple email and live discussions, we amended the NISI according to the 
suggestions provided by a paediatric resident (RG), general paediatrician (JD), and 
three neonatologists (AvH, MH, and Tim Antonius), two of whom are highly experienced 
Newborn (Advanced) Life Support instructors. A list of premedication was included, 
derived from relevant literature on neonatal intubation.12,13 The instrument was 
approved with minimal changes (addition of caloric CO2 device and chest rise/fall to 
check tube position) by two US neonatologists (NY, LH). 
 All 28 items of the instrument were classified under the subheadings Preparation, 
Performance, Post-intubation care, and Communication. Most items were scored on a 
trichotomous scale: 0 points (not done), 1 point (partially done or not done in a timely 
manner), and 2 points (completely done in a timely manner). The remaining items 
were scored dichotomously. For the item Checks tube position, 1 point was awarded 
for each check. The option ‘not applicable’ was included (e.g. not using the Magill 
forceps for oral intubations). 
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less experienced clinicians.16 Based on the most relevant background characteristics 
(Appendix 1), a composite score was calculated for all subjects reflecting their 
neonatal intubation experience. The composite score included: NICU experience, 
Previous successful neonatal intubations, and Time since last successful neonatal 
intubation. Each characteristic was assigned 0 to 5 points, based on the answer 
options in Appendix 1. Hence, the composite score ranged from 0-15 points. Using this 
score, subjects were divided into three groups: Minimal experience (0-5, n=8), Moderate 
experience (6-10, n=9), and Extensive experience (11-15, n=23). One-way ANOVAs were 
performed, using Tukey’s test post-hoc, to compare these three groups regarding 
their total percentage scores and scores for the four subheadings. In case of no 
homogeneity of variances, Welch ANOVA and post-hoc Games Howell’s test were used. 
For these analyses, mean percentage scores were calculated by combining the ratings 
of RB1, RB2, and MB. 
 To evaluate whether individual background characteristics – instead of the 
composite score – influenced intubation performance, separate one-way ANOVAs 
were carried out for: NICU experience, Number of previous successful neonatal 
intubations, Number of previous successful paediatric intubations, Time since last 
successful neonatal intubation, NRP/NLS course participation, and Paediatric 
Advanced Life Support course participation. 
Feasibility and applicability
To give an indication of our instrument’s feasibility, we estimated the time needed 
to score one videotaped simulation. Applicability was appraised by determining 
the extent to which our scoring instrument, developed in the Netherlands, could be 
applied at CAPE. 
Statistical analysis
Statistical analyses were performed using IBM SPSS Statistics (Version 20.0. Armonk, 
NY: IBM Corp.). A p value of <0.05 was considered statistically significant. This study 
was approved by the Institutional Review Board at Stanford University (ID: 36286). 
Each subject signed informed consent.  
Results
Background characteristics of the subjects are presented in Table 2.  
Reliability 
Intraclass Correlation Coefficients (ICCs) were 0.99 (95% CI, 0.98 to 0.99) for intrarater 
reliability and 0.89 (95% CI, 0.35 to 0.96) for interrater reliability (both almost perfect 
 Two-way mixed, single measures, Intraclass Correlation Coefficients (ICCs) of 
percentage scores were calculated for intrarater (RB1-RB2) and interrater reliability 
(RB1-MB). We also computed a weighted Cohen’s Kappa for each individual item and 
mean Kappa coefficients for all items combined to rule out the possibility of 
comparable overall percentage scores despite completely different scores for the 
individual items.14 For all coefficients, 95% confidence intervals (CI) were determined.
Validity
Face validity was established, since four Dutch and two US experts in neonatal 
intubation reached consensus on the NISI through various email and live discussions. 
All tasks of the neonatal intubation procedure were included in the instrument, 
assuring content validity. Criterion validity could not be established in the absence of 
an international gold-standard.
 Construct validity was assessed using the predefined hypothesis that experienced 
clinicians are more successful in neonatal intubation (i.e. have higher scores) than 
Table 1. Scenario and script for the neonatal intubation simulations.
Scenario
· Term newborn, weight 3100 grams
· Reason for intubation and prolonged ventilation: gastroschizis repair
· Current condition: clinically stable, spontaneously breathing, not premedicated
· Elective intubation in the NICU
· All necessary equipment available
· Simulation specialist present, acting as a neonatal registered nurse, assisting only on 
request
· Second simulation specialist, acting as a respiratory therapist, available for back-up 
assistance
· Subjects instructed to act as in daily clinical practice
· Subjects instructed to describe all steps and thoughts aloud 
· No cues or suggestions provided
· Scenario ends when subject indicates he/she is done
· All subjects tested individually
Script
· Already provided: IV access, gastric tube, pulse-oximeter, monitor, hat
· Initial vital parameters: HR 140 bpm, SpO2 98%, RR 40/min
· After premedication: HR 125 bpm, SpO2 85%, RR 0/min
· With adequate preoxygenation: HR 125 bpm, SpO2 98%, RR 0/min
· Intubation lasting >30 seconds: SpO2 gradually dropping to 85%
· After successful intubation: HR 140 bpm, SpO2 98%
Bpm, beats per minute; HR, heart rate; IV, intravenous; NICU, neonatal intensive care unit; RR, respiratory 
rate; SpO2, oxygen saturation.
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agreement). Intrarater and interrater correlations are shown in Figure 1. Table 3 shows 
Kappa coefficients for the intra- and interrater reliability of individual items. These 
could be calculated for 24 of the 28 items, since it is impossible to determine Kappa’s 
when items are always or never scored the same.14 Mean Kappa’s for intra- and 
interrater reliability were 0.93 (95% CI, 0.85 to 1.01) and 0.71 (95% CI, 0.56 to 0.92), 
respectively.
Table 2. Background characteristics of the subjects (n=40).
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NA, not applicable; NICU, neonatal intensive care unit; NLS, neonatal life support; NP, nurse practitioner; 
NRP, neonatal resuscitation program; PA, physician assistant; PALS, paediatric advanced life support. 
a Respiratory therapist; b Neonatal transport; c Paediatric resident (n=1), paediatric anaesthesia resident (n=1), 
anaesthesia resident (n=1), neonatal nurse practitioner (n=1).
Figure 1.  Intrarater (A) and interrater (B) correlations.
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Validity
There were no significant differences between the experience groups regarding total 
percentage scores. Post hoc analysis showed that the only significant difference 
concerned the subheading Post-intubation care, with a mean score of 60.5 (95% CI, 
54.9 to 66.1) in the extensive experience group and 46.0 (95% CI, 38.6 to 53.4) in the 
minimal experience group (p=0.02). ANOVAs for the remaining subheadings generated 
insignificant results (Figure 2). ANOVAs exploring the influence of individual background 
characteristics on intubation performance revealed no differences among groups 
(results not shown).













Checks oxygen delivery system
Checks ventilator
Checks suction system















Mentions tube insertion depth
Tube fixation
Communication
Briefly explains procedure to the team
Task allocation prior to intubation
Gives clear instructions to team members
Asks for help when needed
Successful intubation
Number of attempts
0.96 (0.88 to 1.04)
0.85 (0.65 to 1.06)
-
0.95 (0.87 to 1.02)
0.85 (0.68 to 1.01)
0.94 (0.86 to 1.02)
1.00 (1.00 to 1.00)
0.95 (0.88 to 1.02)
0.88 (0.72 to 1.04)
1.00 (1.00 to 1.00)
-
1.00 (1.00 to 1.00)
0.83 (0.59 to 1.06)
0.97 (0.92 to 1.03)
-
-
1.00 (1.00 to 1.00)
1.00 (1.00 to 1.00)
0.94 (0.82 to 1.06)
1.00 (1.00 to 1.00)
1.00 (1.00 to 1.00)
1.00 (1.00 to 1.00)
0.77 (0.59 to 0.95)
0.72 (0.55 to 0.87)
0.86 (0.69 to 1.03)
0.89 (0.72 to 1.04)
1.00 (1.00 to 1.00)
1.00 (1.00 to 1.00)
0.83 (0.67 to 0.99)
0.45 (0.23 to 0.67)
-
0.74 (0.44 to 1.04)
0.95 (0.85 to 1.05)
0.39 (0.24 to 0.55)
0.31 (0.10 to 0.52)
0.37 (0.26 to 0.48)
0.40 (0.08 to 0.72)
1.00 (1.00 to 1.00)
-
0.66 (0.03 to 1.28)
0.44 (0.16 to 0.73)
0.80 (0.65 to 0.96)
-
-
0.94 (0.84 to 1.05)
0.94 (0.82 to 1.06)
0.88 (0.72 to 1.04)
0.79 (0.39 to 1.19)
0.88 (0.71 to 1.04)
1.00 (1.00 to 1.00)
0.88 (0.76 to 1.01)
0.70 (0.52 to 0.90)
0.68 (0.44 to 0.91)
0.00 (0.00 to 0.00)
1.00 (1.00 to 1.00)
1.00 (1.00 to 1.00)
Mean k-value (95% CI) 0.93 (0.85 to 1.01) 0.71 (0.56 to 0.92)
EtCO2, end-tidal carbon dioxide monitoring; HR, heart rate; IV, intravenous; SpO2, oxygen saturation. 
a RB1-RB2; b RB1-MB. Interpretation of Kappa values: ≤0 poor, 0.01-0.20 slight, 0.21-0.40 fair, 0.41-0.60 moderate, 
0.61-0.80 substantial, and 0.81-1.00 almost perfect reliability.15 Kappa’s could not be determined for the 
following items: Checks Magill forceps (never performed, because all intubations were oral), Head positioning, 
Marker on tube, and Auscultation (all subjects performed these 3 items).
Figure 2.  Total score and scores for each subheading per experience group.
MI, minimal experience group; MO, moderate experience group; EX, extensive experience group. Only significant 
difference: extensive vs. minimal experience group regarding postintubation care (p=0.02).
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colleagues may have more experience with procedural training on a manikin. This 
problem could be tackled by incorporating the number of previous simulated neonatal 
intubations in the definition of the experience groups. 
 Third, experienced professionals can make efficient decisions and reach goals by 
using internal cognitive models, pattern matching, and automation, and are therefore 
able to address neonatal intubations ‘on autopilot’.22 They can check a patient and his 
surroundings ‘at a glance’ and commonly act in a more implicit, non-verbal fashion. 
We indeed witnessed less verbalisation in the extensive experience group, despite 
our instruction to describe all thoughts and actions aloud. Less experienced clinicians 
more often use a systematic approach, closely adhering to algorithms. They more 
obviously process all steps of the protocol.23 This difference in approach may have 
thwarted our attempt to establish construct validity, since the minimal experience 
group may have scored relatively high based on their explicit, stepwise, and 
task-oriented approach. 
 When the abovementioned considerations are taken into account, it is probably 
achievable to establish construct validity for our NISI in the simulated setting. 
Construct validity can also be ascertained by demonstrating that NISI scores improve 
after training or deteriorate following a period without exposure to neonatal 
intubations.10 Clinical validation, however, will be quite challenging. Standardised 
patient and environmental circumstances required for validation will be difficult to 
realise in clinical practice. A clinical validation study is also demanding in terms of 
equipment and planning, because multiple video cameras have to be installed in the 
NICU (possibly raising ethical concerns), or two raters have to be constantly available 
for on site visual assessment (and this does not even allow for assessment of 
intrarater reliability). 
 Although overall reliability was high, a few items had lower reliability scores. 
Some of these were explained by the audiovisual shortcomings of video-based 
assessment, especially when items were not checked aloud. Accurate assessment of 
(technical) intubation skills remains difficult. There are some possibilities to be 
considered by future investigators. Subjects may use a video laryngoscope for direct 
laryngoscopy during intubation, while the assessors use the video images for 
scoring.24 Another option is to equip manikins with various pressure sensors and/or 
intubation instruments with three-dimensional motion tracking technology to detect 
the exact localisation of the laryngoscope, Magill forceps, suction catheter, and tube. 
 Lower reliability scores also resulted from situations, in which it was unclear 
whether or not the assisting simulation specialist acted on request. Considering the 
subjective nature of the items under the subheading Communication, we anticipated 
relatively low reliability scores. However, interrater reliability was surprisingly 
acceptable for these items. The interrater disagreement for the item Asks for help 
when needed was mainly due to a difference in interpretation of the role of the 
Feasibility and applicability
The estimated time required to score one videotaped intubation was approximately 
15 minutes. There seemed to be no major differences between the raters in this 
regard. Our NISI could be readily applied at CAPE, since items matched US practices 
(except for oral instead of nasal intubation), the scoring instructions could be 
unequivocally interpreted, and there was no need for modifications or additional 
instructions.
Discussion
Our NISI is currently the only available, thoroughly tested tool for the assessment of 
neonatal intubation.17,18 Although it is also meant to be used in clinical practice, its 
measurement properties have now been evaluated in the simulated setting. Given the 
limitation of only two raters, intrarater and interrater reliability were apparently 
good. Our NISI requires little time, its scoring system is straightforward, and the 
scoring instructions are unequivocal. As a result, this Dutch instrument could be 
readily applied in a US simulation centre. Furthermore, the instrument does not only 
focus on technical skills, but covers all aspects of the neonatal intubation procedure. 
Whereas face and content validity could be established, we were unable to establish 
construct validity for our NISI for reasons outlined below.
 First, we used the predefined hypothesis that clinicians with more neonatal 
intubation experience would outperform less experienced clinicians to ascertain 
construct validity.10,19 Although we recruited professionals from different disciplines, with 
distinct specialisation levels and neonatal experience, the neonatal intubation 
experience of our subjects did not show considerable variation. This could be due to 
an unintentional by-product of voluntary participation of those with more experience. 
Proof of construct could have succeeded if we compared more divergent groups (i.e. 
novices vs. experts). 
 Second, we defined the experience groups based on clinical experience, i.e. 
familiarity with the intubation of real newborns. One might question whether real-life 
experience is predictive of intubation success on a manikin. Manikins are the most 
suitable and accepted means to represent newborns during skill training. Nevertheless, 
even very high-fidelity manikins, such as the SimNewB, do not perfectly resemble real 
newborns, at least in terms of airway management.20 Especially for the most technical 
aspects of neonatal intubation – handling the laryngoscope and inserting the tube – 
manikins appear to be insufficiently realistic.21 We speculate that this lack of 
resemblance may have caused a sense of unfamiliarity, and therefore lower scores, 
mainly in the extensive experience group. These clinicians are perhaps more 
accustomed to the intubation of real newborns, whereas clinically less experienced 
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respiratory therapist. We rephrased the scoring instructions for this item (after study 
completion), so future users of our instrument can uniformly interpret them.
 Two items (Removes gastric content and Chest rise and fall) were added after 
formal testing, but still included to offer a complete scoring instrument. It should also 
be noted that we estimated the time needed to score a simulated intubation. Highly 
accurate time measurements were deemed unnecessary for the purpose of providing 
an indication of the time investment our instrument requires. Furthermore, intubation 
duration and number of attempts were used as surrogate markers for intubation 
safety, since SpO2 and heart rate are difficult to simulate realistically. In a future 
clinical validation study, lowest SpO2 and lowest heart rate should, of course, be 
considered as more appropriate safety outcome measures. Finally,the principal 
investigator (RB) was not blinded while scoring the videotaped intubations, since she 
was present during all simulations. However, RB did not know any of the subjects 
outside the context of this study, she was not acquainted with the subjects’ experience 
levels before rating the videos, the videotaped intubations were scored in a random 
order one and four weeks after the actual simulations, and the number of items and 
subjects were probably too large to remember. Hence, we do not think that the 
unblinded status of RB significantly influenced our results. 
Conclusion
We developed an apparently reliable and practical neonatal intubation scoring 
instrument with face and content validity, which seems to be applicable in another 
setting than the one in which it has been developed. Our instrument may be used to 
test the intubation skills of neonatal healthcare professionals for research or quality 
assurance purposes, or it may serve as feedback instrument for formative assessment 
during procedural training. Although we could not establish construct validity in this 
study, the preliminary results of a follow-up simulation study are promising in this 
regard (Chapter 7). We expect that the latter study will also demonstrate the 
comparability of real-time and video-based scoring. Clinical validation of our 
instrument is also desirable, but will be challenging. 
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Patient ID   NA
Simulation number   NA
Gestational age    weeks    days
Weight      grams
Reason for intubation
Level of urgency   Elective intubation    Emergency intubation
Anomalies/malformations   NA
PREMEDICATION
  Atropine   Remifentanil
  Fentanyl   Sufentanil
  Morphine   Midazolam
  Nalbuphine   Lorazepam
  Thiopental   Propofol
  Vecuronium   Rocuronium
  Pancuronium   Succinylcholine
  Glycopyrrolate   Ketamine
  Other:   Other:
SCORING TABLE
PREPARATION SCORE
Checks intubation equipment 0 1 2 NA
Checks laryngoscope 0 1 2 NA
Checks Magill forceps 0 1 2 NA
Checks premedication 0 1 2 NA
Checks IV access 0 1 NA
Checks oxygen delivery system 0 1 2 NA
Checks ventilator 0 1 2 NA
Checks suction system 0 1 2 NA
Decides about gastric tube 0 1 NA
Removes gastric content1 0 1 NA
Appendix 1




  Clinical intubation Comment:
  Simulated intubation Comment:
CANDIDATE CHARACTERISTICS
Name
Sex   Male    Female
Age    years
Function   Nurse    NP/PA    Intern    Resident    Fellow 
  Attending    Staff member    Other:
Specialty   Pediatrics    Neonatology    Anesthesia 
  Pediatric anesthesia    Emergency medicine 
  Pediatric intensive care    Other:
NICU experience   Yes:    ≤ 6 months    7-11 months    1-2 years
  3-5 years    > 5 years
  No 
Previous successful  
neonatal intubations
  Yes:    1-2    3-5    6-9    10-40    > 40
  No 
Previous successful  
pediatric intubations
  Yes:    1-2    3-5    6-9    10-40    > 40
  No
Time since last successful 
neonatal intubation
  ≤ 1 week    ≤ 1 month    ≤ 6 months    ≤ 1 year 
  > 1 year    NA 
NRP or NLS course   Participated:    ≤ 2 years ago    > 2 years ago
  Not participated
PALS course   Participated:    ≤ 2 years ago    > 2 years ago
  Not participated
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ABBREVIATIONS
Bpm, beats per minute; EtCO2, end-tidal carbon dioxide monitoring (capnography) or 
colorimetric CO2 device; HR, heart rate; NA, not applicable; NICU, neonatal intensive 
care unit; NLS, neonatal life support; NP, nurse practitioner; NRP, neonatal resuscitation 
program; PA, physician assistant; PALS, pediatric advanced life support; SpO2, oxygen 
saturation.
NOTES
1 Item added after formal testing.
2 Only reliable if a muscle relaxant is administered. 
PERFORMANCE SCORE
Temperature management 0 1 2 NA
Head positioning 0 1 NA
Preoxygenation 0 1 2 NA
Handling the laryngoscope 0 1 NA




  Marker on tube   Auscultation   Chest rise and fall1,2   EtCO2
  SpO2/HR recovery   Chest X-ray   Tube condensation NA
Mentions tube insertion depth 0 1 NA
Tube fixation 0 1 NA
COMMUNICATION
Briefly explains procedure to the team 0 1 2 NA
Task allocation prior to intubation 0 1 2 NA
Gives clear instructions to team members 0 1 2 NA
Asks for help when needed 0 1 2 NA
TOTAL SCORE (max. 42): 
RESULTS
Successful intubation   Yes    No
Number of attempts   1    2    ≥ 3
Duration of intubation                               seconds
Reason for attempt abortion
Lowest SpO2                                %
Lowest HR                                bpm
Chapter 6
142 143
Chapter 6 Appraisal of a scoring instrument for training and testing neonatal intubation skills
Checks premedication 
0:  candidate does not check or gives no instructions to check premedication OR no 
premedication administered
1:  candidate checks or gives instructions to check premedication
2.  candidate checks or gives instructions to check premedication INCLUDING 
double-check of dosage 
Checks IV access 
0:  candidate does not check or gives no instructions to check the presence of an 
adequate IV access
1:  candidate checks or gives instructions to check the presence of an adequate IV 
access
Checks oxygen delivery system
0:  candidate does not check or gives no instructions to check the presence of a 
FUNCTIONING oxygen delivery system
1:  candidate checks or gives instructions to check the presence of a FUNCTIONING 
oxygen delivery system, INCLUDING adequate settings (e.g. FiO2, pressure levels) OR 
an adequately sized mask
2:  candidate checks or gives instructions to check the presence of a FUNCTIONING 
oxygen delivery system, INCLUDING adequate settings (e.g. FiO2, pressure levels) 
AND an adequately sized mask
Checks ventilator
0:  candidate does not check or gives no instructions to check the presence of a 
FUNCTIONING ventilator
1:  candidate checks or gives instructions to check the presence of a FUNCTIONING 
ventilator 
2:  candidate checks or gives instructions to check the presence of a FUNCTIONING 
ventilator WITH adequate settings (e.g. FiO 2, pressure levels, frequency, flow)
Checks suction system
0:  candidate does not check or gives no instructions to check the presence of a 
FUNCTIONING suction system
1:  candidate checks or gives instructions to check the presence of a FUNCTIONING 
suction system
2:  candidate checks or gives instructions to check the presence of a FUNCTIONING 
suction system WITH adequately sized suction catheter(s)
Appendix 2
SCORING INSTRUCTIONS FOR THE NEONATAL INTUBATION SCORING INSTRUMENT
• If an item is checked/performed in a way not predefined in the scoring instructions 
below, the item has to be scored based on the consensus of at least two professionals 
with sufficient experience regarding neonatal intubation.
• Candidates have to check/perform all items aloud, especially the ones that are not 
readily visible (in the simulation setting), such as temperature management, marker 
on the tube, tube condensation, asking for a chest X-ray, and preoxygenation level 
in case of a lower fidelity simulation system without monitor.
• Items may be checked by another person, provided that he/she is clearly instructed 
to do so by the candidate.
PREPARATION
Subtract 1 point for each item if it is not checked in a timely manner, i.e. not before 
PERFORMANCE, unless the score is already 0 points.
  
Checks intubation equipment 
Equipment to be checked: correct tube size(s) (with/without cuff), fixation materials, 
stethoscope and, according to local practice, stylet, tube lubricant, meconium aspirator 
(only in emergency intubation), capnography (EtCO2) sensor or colorimetric CO2 device
0: candidate checks < 3 items
1: candidate checks 3-4 items
2: candidate checks > 4 items
Checks laryngoscope
0:  candidate does not check or gives no instructions to check the presence of a 
laryngoscope WITH a functioning light
1:  candidate checks or gives instructions to check the presence of a laryngoscope 
WITH a functioning light 
2.  candidate checks or gives instructions to check the presence of a functioning 
laryngoscope AND an adequate blade size 
Checks Magill forceps 
0:  candidate does not check or gives no instructions to check the presence of a Magill 
forceps
1: candidate checks or gives instructions to check the presence of a Magill forceps
2:  candidate checks or gives instructions to check the presence of an ADEQUATELY 
SIZED Magill forceps 
NA: in case of oral intubation
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Tube insertion
0: tube is moved to-and-fro, possibly causing vagally mediated bradycardia
1: tube is inserted in one, rather smooth motion 
2:  tube is inserted in one, rather smooth motion WITH adequate depth (based on a 
locally used formula) 
POST-INTUBATION CARE
Checks tube position
Each item that is checked, is awarded with 1 point (i.e. max. 7 points)
Mentions tube insertion depth
0: candidate does not mention tube insertion depth
1: candidate mentions tube insertion depth
Tube fixation
0: tube is not fixated according to local protocol
1: tube is fixated according to local protocol
COMMUNICATION
Briefly explains procedure to the team
0:  no briefing PRIOR TO intubation
1:  short briefing prior to intubation, INCLUDING name (only needed in case of a clinical 
intubation), age, weight, and reason for intubation
2:  complete briefing prior to intubation, INCLUDING name (only needed in case of a 
clinical intubation), age, weight, reason for intubation AND at least 2 of the following: 
main diagnosis, special circumstances, and risk management (‘what if’) 
Task allocation prior to intubation
0:  tasks are not clearly allocated PRIOR TO intubation
1:  tasks OF SOME PERSONS INVOLVED in the intubation procedure are clearly allocated 
prior to intubation
2:  tasks OF ALL PERSONS INVOLVED in the intubation procedure are clearly allocated 
prior to intubation 
Instructions to team members during the intubation procedure
0: > 1 instruction is incorrect, incomprehensible, ambiguous, or inaudible
1: 1 instruction is incorrect, incomprehensible, ambiguous, or inaudible
2: all instructions are correct, comprehensible, unambiguous, and clearly audible
Decides about gastric tube 
0:  candidate does not mention his/her preference to intubate with or without gastric 
tube in place
1:  candidate mentions his/her preference to intubate with or without gastric tube in 
place
Removes gastric content
0:  candidate does not remove or gives no instructions to remove gastric content 
before intubation




0:  candidate does not take any measures to prevent hypothermia during intubation
1:  candidate takes some measures to prevent hypothermia during intubation (e.g. 
warm blanket AND/OR hat)
2.  candidate takes full measures to prevent hypothermia during intubation (i.e. not 
only blanket AND/OR hat, but also radiant heater OR special incubator settings)
Head positioning
0:  head not in the neutral position during preoxygenation or just prior to intubation 
in case no preoxygenation is performed
1:  head in the neutral position (optional: shoulder roll) during preoxygenation or just 
prior to intubation in case no preoxygenation is performed
Preoxygenation 
0:  In the elective setting (i.e. this study), oxygen saturation < 85% prior to intubation 
attempt
1:  In the elective setting (i.e. this study), oxygen saturation 85-93% prior to intubation 
attempt
2:  In the elective setting (i.e. this study), oxygen saturation > 93% prior to intubation 
attempt
NA: if premedication is not administered, preoxygenation is not absolutely necessary
Handling of the laryngoscope 
To be consistently evaluated from the same angle.
0: laryngoscope is TILTED, possibly causing damage to the gums
1: laryngoscope is adequately LIFTED to prevent damage to the gums
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Asks for help when needed
0:  candidate does not ask for help despite a clear need for help
1:  candidate calls for respiratory therapist AND/OR asks for help when the patient is 
already in an unstable condition 
2.  candidate timely asks for help
NA: no help needed
RESULTS
Duration of intubation
In case of a single attempt: the period of time between the end of preoxygenation 
(mask leaves face) and the moment the laryngoscope is removed from the mouth
In case of multiple attempts: the period of time between the end of preoxygenation 
of the first attempt and the moment the laryngoscope leaves the mouth during the 
last attempt.
When preoxygenation is omitted: the period of time between the insertion of the 
laryngoscope and the moment the laryngoscope leaves the mouth. 
Validation of an instrument for real-time 
assessment of neonatal intubation skills: 
a randomised controlled simulation study
Lindie J.M.K. Kuijpers*, Mathijs Binkhorst*, Nicole K. Yamada,
Romy N. Bouwmeester, Arno F.J. van Heijst, Louis P. Halamek, Marije Hogeveen
* Contributed equally
Am J Perinatol 2020. doi:10.1055/s-0040-1715530
Quote Ut est rerum omnium magister usus – Julius Caesar, De Bello Civile
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Introduction
Neonatal intubation is a complex procedure used to treat respiratory failure and 
prevent hypoxia and/or hypercarbia.1,2 Intubation attempts often exceed the 
30-second limit recommended by the Neonatal Resuscitation Program, and many 
professionals need more than one attempt.3-6 Prolonged and multiple intubation 
attempts can cause adverse events, including oesophageal intubation, mainstem 
bronchial intubation, airway trauma, hypoxaemia, bradycardia, and elevated intracranial 
pressure.2,4,7 Competence in neonatal intubation correlates with level of experience.6,8-
10 More training and clinical exposure are associated with greater success, shorter 
duration, and less undesirable complications of neonatal intubations.4,11,12 However, 
the increased use of non-invasive ventilation and restricted duty hour standards for 
residents have led to limited clinical exposure.5,10,13,14 Hence, intermittent simulation-based 
training is necessary to maintain intubation competence, which has been defined as 
a success rate of ≥75-80% on the first or second attempt.15-17
 A valid and reliable neonatal intubation scoring instrument (NISI) would be useful 
for formative and summative assessment during simulation-based practice and real 
patient care. Formative assessment involves the provision of descriptive feedback. 
Itemised assessment tools are convenient guides for structured feedback. Feedback 
is essential for improving skill performance.18 Summative assessment can be used for 
quality assurance and formal testing of intubation skills after airway management 
training (i.e. certification). It is also necessary for conducting objective, quantitative 
research and facilitating statistical comparison of, for example, performance scores 
following different training methods. However, publications on validated neonatal 
intubation assessment tools have been very limited hitherto.  
 In 2016, a study performed by our research group established  the reliability, 
feasibility, and applicability of a scoring instrument for video-based assessment of 
neonatal intubation in a simulated setting.19 However, this study could not establish 
the instrument’s construct validity, possibly because the study groups were 
insufficiently divergent in terms of neonatal intubation experience. It also remained 
to be determined if the instrument could be reliably used for real-time assessment in 
addition to remote video-based assessment. Therefore, the objectives for this study 
were to 1) establish the construct validity of the NISI, using an extreme groups 
approach and the hypothesis that targeted feedback leads to improved intubation 
skills,18,20 and 2) determine whether our tool can be reliably employed for real-time 
assessment of neonatal intubation skills.  
Abstract
Objective
To evaluate the construct validity and reliability of real-time assessment of a 
previously developed neonatal intubation scoring instrument (NISI). 
Study design
We performed a randomised controlled simulation study at a simulation-based 
research and training facility. Twenty-four clinicians experienced in neonatal intubation 
(‘experts’) and 11 medical students (‘novices’) performed two identical elective intubations 
on a neonatal patient simulator. Subjects were randomly assigned to either the 
intervention group, receiving predefined feedback between the two intubations, 
or the control group, receiving no feedback. Using the previously developed NISI, 
all intubations were assessed, both in real time and remotely on video. Construct 
validity was evaluated by 1) comparing the intubation performances, expressed as 
percentage scores, with and without feedback, and 2) correlating the intubation 
performances with the subjects’ level of experience. The intrarater reliability, expressed 
as Intraclass Correlation Coefficient (ICC), of real-time assessment compared to 
video-based assessment was determined. 
Results
The intervention group contained 18 subjects, the control group 17. Background 
 characteristics and baseline intubation scores were comparable in both groups. 
The median (IQR) change in percentage scores between the first and second intubation 
was significantly different between the intervention and control group (11.6% 
(4.7-22.8%) vs. 1.4% (0.0-5.7%), respectively; p=0.013). The 95% CI for this 10.2% 
difference was 2.2-21.4%. The subjects’ experience level correlated significantly with 
their percentage scores (Spearman’s R = 0.70; p<0.01). ICC’s were 0.95 (95% CI: 0.89-0.97) 
and 0.94 (95% CI: 0.89-0.97) for the first and second intubation, respectively. 
Conclusion
Our NISI has construct validity and is reliable for real-time assessment. 
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Review Board Committee at Stanford University (#44321). All subjects provided 
informed written consent. 
Scenario and study design
All subjects performed two identical, elective intubations in a simulated neonatal 
intensive care (NICU) environment on a neonatal patient simulator (SimNewB, Laerdal 
Medical AS, Stavanger, Norway). The scenario, script, and characteristics of the 
simulator and environment were the same for every subject (Table 1). Subjects 
received written information about the clinical case before start of the scenario. The 
information was repeated verbally by the principal investigator (LK) to preclude 
misconceptions. Subjects were given the opportunity to ask questions to clarify 
uncertainties. They were instructed to act as they would do when providing real 
clinical care. During the simulations, subjects were asked to verbalise all thoughts 
and observations. A simulation specialist from CAPE acted as a trained neonatal 
nurse and was available in the simulation room during the entire scenario to help the 
Methods
Scoring instrument
For a detailed description of the instrument’s development, we refer to Bouwmeester 
et al. (Chapter 6).19 All 28 items of our NISI were classified under the subheadings 
Preparation, Performance, Post-intubation care, and Communication (Appendix 1). 
Most items were scored trichotomously: 0 points (not done), 1 point (partially or not 
timely done), and 2 points (completely and timely done). The remaining items were 
scored dichotomously. Depending on the context, items could be scored as ‘not 
applicable’. Standardised scoring instructions were listed for all items (Appendix 2). 
An intubation attempt was defined as any insertion of the laryngoscope blade into 
the oropharynx. Successful tracheal intubation was confirmed by sensors in the 
neonatal patient simulator. 
 All items were regarded as essential components of the intubation procedure. 
They were therefore assigned equal weight. However, with an increased risk of 
complications due to multiple or prolonged intubations, we awarded extra points for 
successful (first) attempts and subtracted points for intubations lasting >30 seconds.7 
Twenty and 10 points were added to the sum of awarded points when the intubation 
was successful and accomplished in one attempt, respectively. Five and 10 points 
were subtracted for intubations lasting >30 seconds and >60 seconds, respectively. 
These bonus and penalty points were arbitrary, though commensurate with the 
awarded points and based on consensus among several experts in neonatal intubation 
(MB, NY, AvH, LH, and MH). Total score was divided by the maximum possible points, 
correcting for ‘not applicable’ items, and multiplied by 100 to obtain a percentage 
score. The same calculation was performed to determine the scores for the four 
subheadings. In subjects with low scores, the subtraction of penalty points could 
yield negative total scores. However, the minimum total score was set at 0%.
Setting and subjects
This study was designed at the Radboudumc, Nijmegen, the Netherlands, in close 
collaboration with Stanford colleagues. It was conducted at the Center for Advanced 
Pediatric and Perinatal Education (CAPE), Stanford University, Palo Alto, USA, a 
simulation- based human and system performance research centre. Participation was 
voluntary. We recruited subjects with divergent neonatal intubation experience. 
Healthcare professionals, affiliated with Lucile Packard Children’s Hospital and 
frequently involved in neonatal intubation, participated as experts. First to fourth-year 
medical students from Stanford University School of Medicine, lacking neonatal 
intubation experience, participated as novices. All subjects were recruited by email. 
Responders who were available within the time frame of this research project 
(January-April 2018) were included. The study was approved by the Institutional 
Table 1. Scenario and script for the neonatal intubation simulations.
Scenario
· Term newborn, gestational age 40 weeks and 3 days, weight 3500 g
· Reason for intubation and prolonged ventilation: gastroschizis repair
· Current condition: clinically stable, spontaneously breathing, not premedicated
· Elective intubation in the NICU
· All necessary equipment available
· Simulation specialist present, acting as a trained neonatal nurse, assisting only on request
· Subjects instructed to act as in daily clinical practice
· Subjects instructed to describe all steps and thoughts aloud
· No cues or suggestions provided
· Scenario ends when subject indicates he/she is done 
· All subjects tested individually
Script
· Already provided: intravenous access, gastric tube, pulse oximeter, monitor, hat
· Manikin cried and moved at the start of the scenario, indicating the need for 
premedication 
· Initial vital parameters: HR 140 bpm, SpO2 98%, RR 40/min
· After premedication: HR 125 bpm, SpO2 85%, RR 0/min
· With adequate preoxygenation: HR 125 bpm, SpO2 98%, RR 0/min
· Intubation lasting >30 sec: SpO2 gradually dropping to 85%
· After successful intubation: HR 140 bpm, SpO2 98%
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subject on request, but did not prompt or initiate any actions independently. The 
neonatal patient simulator’s vital signs were adjusted in a scripted fashion in response 
to clinical interventions. The scenario ended when the subject stated that the 
procedure was complete.
 Subjects were randomly assigned to the intervention and control groups according 
to a computer generated randomisation list with a 1:1 allocation ratio. Simple 
randomisation was used with stratification to ensure that ‘clinical role’ (Table 2) was 
equally distributed across both groups. After the first intubation, subjects in the 
intervention group received the results of their performance and a form with 
predefined feedback regarding every item of the scoring instrument (Appendix 3), 
which was structured in accordance with performance metrics taken from The 
Textbook of Neonatal Resuscitation, 7th Edition.3 Feedback relating to the errors 
made during the first intubation was highlighted on the form. Subjects in the control 
group did not receive any feedback. No substantive questions were answered. After 
ten minutes, all subjects performed the identical simulation again. 
 All intubations were assessed real-time and eight weeks later on video by the 
principal investigator (LK) in order to determine the reliability of real-time assessment 
as compared to video-based assessment. Due to practical reasons, LK could not be 
blinded. For the video recordings, two GoPro HERO 4 cameras (GoPro, Inc., San Mateo, 
CA, USA) were used. One camera was affixed to the radiant warmer and another one 
was positioned on the right side of the neonatal patient simulator, level with and 
orthogonal to the simulator’s head and neck (Figure 1). Both views were combined 
into one video file with two windows. 
Construct validity 
We tested two predefined hypotheses to establish the construct validity of our NISI. 
First, we investigated the construct that neonatal intubation performance improves 
following individualised feedback.18 We compared the intervention group to the 
control group regarding the change in percentage scores between the first and second 
intubation. Second, we tested the construct that professionals with experience in 
neonatal intubation (‘experts’) perform better, with higher percentage scores on the 
NISI, than medical students lacking intubation experience (‘novices’).20 All subjects 
provided their background characteristics, including four characteristics that 
indicated their neonatal intubation experience: NICU experience (years), number of 
previous successful neonatal intubations, number of previous simulated neonatal 
intubations, and most recent successful neonatal intubation. Each characteristic was 
assigned 0 to 5 points (Appendix 1). Composite experience scores were calculated for 
all subjects. Zero points represented no experience, twenty points represented high 
experience. The correlation between the composite experience score and percentage 
scores was examined using Spearman’s rank-order correlation test. Note that we were 
Table 2. Background characteristics.
Characteristic Feedback









    Male
    Female
Age
    21-30
    31-40
    41-50
Clinical Role
    Student
    Resident
    Attending
    Fellow
    NP/PA
    Othera
Specialty
    Paediatrics
    Neonatology
    Paed anaesthesia
    Emergency med.
    Paed intens care
    No specialty
NICU experience
    ≤ 6 months
    7-11 months
    1-2 years
    3-5 years
    > 5 years
    None
Previous successful 
neon. intubations
    1-2
    3-5
    6-9
    10-40
    > 40



































































    1-2
    3-5
    6-9
    10-40
    > 40
    None
Last successful 
neonatal intubation
    ≤ 1 week
    ≤ 1 month
    ≤ 6 months
    ≤ 1 year
    > 1 year
   NA
Previous simulated 
neonatal intubations
    1-2
    3-5
    6-9
    10-40
    > 40
    None
Participation in 
NRP or NLS course
    ≤ 2 years ago
    > 2 years ago
    Not participated
Participation in 
PALS course
    ≤ 2 years ago
    > 2 years ago






















































NA, not applicable; NICU, neonatal intensive care unit; NLS, Neonatal Life Support; NP, nurse practitioner; 
NRP, Neonatal Resuscitation Program; PA, physician assistant; PALS, Paediatric Advanced Life Support. 
a Hospitalist (n=2), staff member (n=1).
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the time frame of this project and planned to calculate a 95% CI to indicate the 
significance of our results regarding the effect of feedback. Background characteristics 
of both groups were described and compared with the Chi-square and Mann-Whitney 
U test for nominal and ordinal data, respectively. Per person, we calculated the 
change in percentage scores between the first and second intubation. We used a 
non-parametric test (Wilcoxon rank sum test, considering a location shift) to compare 
the changes in percentage scores of both groups. Using bootstrap, we determined the 
95% CI for this between-group difference in median changes. The remaining analyses 
are described above. Statistical analyses were performed using IBM SPSS statistics 
(version 25.0, Armonk, NY: IBM Corp) and the statistical software package R (version 
3.6.3, R Foundation for Statistical Computing, Vienna, Austria). Two-sided p<0.05 was 
considered statistically significant for all tests. 
Results
Background characteristics 
Thirty-six subjects were originally enrolled. Nineteen subjects were allocated to the 
intervention group, 17 to the control group. One subject in the intervention group was 
excluded from analysis due to a post hoc modification in the scenario and erroneous 
video recording. Twenty-four clinicians and 11 medical students were included. There 
were no significant differences in the background characteristics of the intervention 
and control groups (Table 2). 
Construct validity
There was no difference in median (interquartile range, IQR) total percentage score 
between the intervention and control group for the first intubation (61% (4.3-77.5%) vs. 
50% (2.1-75.4%), respectively; p=0.883). The baseline scores for the four subheadings 
were also similar. We observed a significant difference between the intervention and 
control group in median (IQR) change between the total scores of the first and second 
intubation (intervention: 11.6% (4.7-22.8%) vs. control: 1.4% (0.0-5.7%); p=0.013). 
The 95% CI for this estimated difference of 10.2% was 2.2-21.4%. Within the subheadings, 
between-group differences were observed for Preparation (p=0.001) and Post-intubation 
care (p=0.000) in favour of the intervention group. A significant positive correlation 
was found between the composite experience score and the total percentage score 
(Spearman’s R=0.70; p<0.01). The composite experience score also correlated significantly 
with the percentage scores for all subheadings (Table 3).
unable to identify another useful, validated measure of neonatal intubation experience 
in the literature. Therefore, we used this experience score, which was based on 
consensus among various neonatal intubation experts, and also used in the prequel 
of this study (Chapter 6).19 
Reliability of real-time assessment 
The intrarater reliability of real-time assessment compared with video-based 
assessment was computed with two-way mixed, single measures Intraclass Correlation 
Coefficients (ICC) of total percentage scores for the first and second intubation. ICC 
values <0.5, 0.5-0.75, 0.75-0.9, and >0.90 indicated poor, moderate, good, and excellent 
reliability, respectively.21 We also calculated a weighted Cohen’s Kappa for each 
individual item and mean Kappa coefficients for all items combined to rule out the 
possibility of comparable overall percentage scores despite completely different 
scores for the individual items. For all coefficients, 95% confidence intervals (CI) were 
determined. 
Statistical analysis
A reliable sample size estimation was not possible for two reasons. First, there was a 
lack of suitable data from previous studies to base the sample size calculation on.22 
The data from our prequel study (Chapter 6) were also insufficiently appropriate to 
this end, since those data were collected with a significantly different study 
population.19 Second, a sample size estimation requires a statement on what would 
constitute a clinically meaningful difference.22 Paradoxically, we had to validate our 
assessment instrument first in order to be able to conduct follow-up studies to assess 
what differences in score, as identified by the assessment instrument, would actually 
translate into clinically important differences in intubation performance. To overcome 
this inconvenience, we endeavored to include as many subjects as possible within 
Figure 1.  Setup of the simulation and top view of the neonatal patient simulator.
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Reliability of real-time assessment
The ICC for the comparison of real-time assessment with remote, video-based assessment 
was 0.95 (95% CI: 0.89-0.97) for the first intubation, and 0.94 (95% CI: 0.89-0.97) for 
the second intubation (both excellent reliability). Table 4 shows the Kappa coefficients 
for the individual NISI items for both intubations. Mean Kappa coefficients were 0.75 
(95% CI: 0.68-0.82) and 0.76 (95% CI: 0.69-0.83) for the first and second intubation, 
respectively (both substantial agreement).
Discussion 
In the present study, we evaluated the construct validity and reliability of real-time 
assessment of our previously published neonatal intubation scoring instrument.19 
Using an extreme groups design, we found a significant positive correlation between 
intubation experience and performance. In addition, we demonstrated that structured, 
individualised feedback improved subsequent neonatal intubation performance. 
Both findings corroborate the construct validity of our NISI. Real-time assessment 
was as reliable as video-based assessment. The improvement in intubation 
performance after feedback and the reliability of real-time assessment indicate that 
our NISI can be used to provide almost immediate feedback during procedural training 
(formative assessment). Real-time assessment is also more time-efficient and 
requires less technology and expense than video recording. Conversely, examiners 
must be adequately trained to be familiar with the NISI in its full range, including all 
Table 3.  Correlations between the composite experience score, total percentage 
score, and percentage scores for the four subheadings.
Scores 1. 2. 3. 4. 5. 6.
1. Composite experience score 1.000
2. Total percentage score 0.697** 1.000
3. Preparation 0.568** 0.716** 1.000
4. Performance 0.613** 0.662** 0.362* 1.000
5. Post-intubation care 0.860** 0.744** 0.522** 0.656** 1.000
6. Communication 0.583** 0.614** 0.752** 0.341* 0.598** 1.000
Note: the correlations between total percentage score and subheading scores have been provided for 
informational purposes. * p<0.05; ** p<0.01 (2-tailed).
Table 4. Weighted Cohen’s Kappa coefficients for individual items.
Subheading 
Item
Ƙ value (95% CI) 
intrarater reliability a








Checks oxygen delivery system
Checks ventilator
Checks suction system

















Mentions tube insertion depth
Tube fixation
Communication
Briefly explains procedure to the team
Task allocation prior to intubation
Gives clear instructions to team members































































Mean Ƙ value (95% CI) 0.75 [0.68-0.82] 0.76 [0.69-0.83]
Interpretation of Kappa values: ≤0.00 poor, 0.01–0.20 slight, 0.21–0.40 fair, 0.41–0.60 moderate, 0.61–0.80 
substantial, 0.81–1.00 almost perfect agreement.25 Kappa coefficients could not be determined for Checks 
Magill forceps; this item was never performed, because all intubations were oral. It is impossible to 
determine Kappa’s when items are always or never scored the same.26 a First intubation. b Second intubation. 
EtCO2, end-tidal carbon dioxide monitoring; HR, heart rate; SpO2, oxygen saturation.
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 In the meantime, clinicians may choose to use our tool for clinical purposes, i.e. 
direct assessment or video review of real-life neonatal intubations. Although not 
formally tested, we sincerely believe that the favourable measurement properties of 
our assessment instrument, as established in the simulated setting in our studies, 
will probably also apply to the clinical situation. After all, we validated our tool using 
a high-fidelity manikin in a simulation environment with a high degree of physical and 
emotional fidelity, closely resembling clinical reality. Also, all scoring items and 
instructions readily apply to the process of intubating a real newborn.  
 A limitation of this study was its relatively small sample size. The inclusion of a 
larger number of subjects was thwarted by the limited time frame of our study, 
logistic challenges, recruitment from a single centre, and the fact that we could only 
include subjects with either high or low intubation experience, considering our study 
design. Nevertheless, the sample size appeared to be sufficiently large to detect a 
significant difference between both study groups. The (deliberately) small number of 
subjects with intermediate intubation experience precluded conclusions on the 
effects of feedback on the subheading scores for each experience level. Some items 
had relatively low Kappa’s, possibly due to limited audiovisual quality of the videos. 
During real-time assessment, the examiner could move about to ensure adequate 
visualisation of the entire procedure. The videos were limited to only two different 
views. Also, not all items were verbalised aloud despite instructions to do so. 
Furthermore, only one rater was involved in evaluating the reliability of real-time 
assessment compared with video-based assessment.  Finally, the intervention group 
did not improve on Performance and Communication. These subheadings probably 
involve much more complex skills, requiring repetitive practice, than the rather 
straightforward checks that are part of the subheadings Preparation and Post-intu-
bation care. It seems plausible that one succinct session of feedback has a less 
substantial bearing on these demanding aspects of the intubation procedure.  
Conclusion
Based on this study and its prequel (Chapter 6),19 it can be concluded that our NISI is 
valid, reliable, and practical. It can be used to assess (simulated) neonatal intubations 
in real time and remotely on video. As such, it is a valuable tool for formative and 
summative assessment. Clinical validation of a neonatal intubation assessment tool 
that unites the best features of the three instruments published to date is desirable 
but challenging.   
of its instructions, to quickly and correctly assign scores to subjects in real time. 
Several subjects suggested translating the instrument into a checklist to be used for 
neonatal intubation in clinical practice. This has already been realised in our Dutch 
NICU. Our intubation checklist was well-received and is used by the neonatologists 
and trainees at our department. Checklists are indeed associated with better and 
faster task performance.23
 There are only two other reports on neonatal intubation assessment tools. 
Johnston et al. conducted a single-centre study on the development and validation 
of a neonatal intubation competency assessment tool.24 Blinded, trained reviewers 
assessed the intubation performance of 23 subjects using a 22-item checklist with 
multisource validity evidence. Their tool, like ours, incorporated items on preparation 
and behavioural skills (e.g. team communication). Subjects used a video laryngoscope 
in this study, which allowed examiners to judge the visualisation of the airway more 
accurately and observe the various movements of the intubation instruments, thereby 
gauging the risks of adverse events. The sample size in this study was relatively small 
and interrater reliability was moderate (ICC 0.64), possibly explained by limited 
scoring instructions. This tool used a dichotomous scale (done correctly vs. done 
incorrectly/not done). From an educational and practical perspective, we believe that 
it is helpful to acknowledge items that are performed partially correct. Also, subjects 
could preview the instrument before their intubation attempt, which may have 
affected procedure performance by causing subjects to focus solely on the aspects 
being scored, rather than performing the intubation in a natural, realistic way.
 Andreatta et al. performed a single-centre study in which a neonatal intubation 
performance evaluation tool was developed and tested.9 Their tool’s construct 
validity was established using a test-retest design and by confirming a correlation 
between experience level and intubation performance. These authors provided 
additional validity evidence by demonstrating internal consistency between skill 
performance and cognitive assessment. This study had a large sample size (294 
subjects), but the tool was limited by the inclusion of fewer items and incomplete 
scoring options, and it was developed specific to the practice at that particular centre, 
curtailing its generalisability and applicability elsewhere. 
 It would be desirable to combine all three tools to make an even stronger NISI. 
All relevant items could be combined to enhance content validity. We would propose 
to use a predominantly trichotomous scoring system and standardised scoring instructions. 
Actual intubation performance should be assessed using a video laryngoscope on a 
manikin with the highest degree of tissue, anatomical, and physiological fidelity.9 
Clinical validation of such an ideal tool will remain a challenge, given the difficulty in 
realising standardised patient and environmental characteristics.19 Coupling NISI 
scores to entrustable professional activity (EPA) levels would be an asset, for it may 
facilitate decisions regarding entrustment and intubation readiness.24  
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Patient ID   NA
Simulation number   NA
Gestational age    weeks    days
Weight      grams
Reason for intubation
Level of urgency   Elective intubation    Emergency intubation
Anomalies/malformations   NA
PREMEDICATION
  Atropine   Remifentanil
  Fentanyl   Sufentanil
  Morphine   Midazolam
  Nalbuphine   Lorazepam
  Thiopental   Propofol
  Vecuronium   Rocuronium
  Pancuronium   Succinylcholine
  Glycopyrrolate   Ketamine
  Other:   Other:
SCORING TABLE
PREPARATION SCORE
Checks intubation equipment 0 1 2 NA
Checks laryngoscope 0 1 2 NA
Checks Magill forceps 0 1 2 NA
Checks premedication 0 1 2 NA
Checks IV access 0 1 NA
Checks oxygen delivery system 0 1 2 NA
Checks ventilator 0 1 2 NA
Checks suction system 0 1 2 NA
Decides about gastric tube 0 1 NA
Removes gastric content1 0 1 NA
Appendix 1




  Clinical intubation Comment:
  Simulated intubation Comment:
CANDIDATE CHARACTERISTICS
Name
Sex   Male    Female
Age    years
Function   Nurse    NP/PA    Intern    Resident    Fellow 
  Attending    Staff member    Other:
Specialty   Pediatrics    Neonatology   Anesthesia
  Pediatric anesthesia    Emergency medicine 
  Pediatric intensive care    Other:
NICU experience   Yes:    ≤ 6 months    7-11 months    1-2 years
  3-5 years    > 5 years
  No 
Previous successful neonatal 
intubations
  Yes:    1-2    3-5    6-9    10-40    > 40
  No 
Previous successful pediatric 
intubations
  Yes:    1-2    3-5    6-9    10-40    > 40
  No
Time since last successful 
neonatal intubation
  ≤ 1 week    ≤ 1 month    ≤ 6 months
  ≤ 1 year    > 1 year    NA 
NRP or NLS course   Participated:    ≤ 2 years ago    > 2 years ago
  Not participated
PALS course   Participated:    ≤ 2 years ago    > 2 years ago
  Not participated
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ABBREVIATIONS
Bpm, beats per minute; EtCO2, end-tidal carbon dioxide monitoring (capnography) or 
colorimetric CO2 device; HR, heart rate; NA, not applicable; NICU, neonatal intensive 
care unit; NLS, neonatal life support; NP, nurse practitioner; NRP, neonatal resuscitation 
program; PA, physician assistant; PALS, pediatric advanced life support; SpO2, oxygen 
saturation.
NOTES
1 Item added after formal testing.
2 Only reliable if a muscle relaxant is administered. 
PERFORMANCE SCORE
Temperature management 0 1 2 NA
Head positioning 0 1 NA
Preoxygenation 0 1 2 NA
Handling the laryngoscope 0 1 NA




  Marker on tube   Auscultation   Chest rise and fall1,2   EtCO2
  SpO2/HR recovery   Chest X-ray   Tube condensation NA
Mentions tube insertion depth 0 1 NA
Tube fixation 0 1 NA
COMMUNICATION
Briefly explains procedure to the team 0 1 2 NA
Task allocation prior to intubation 0 1 2 NA
Gives clear instructions to team members 0 1 2 NA
Asks for help when needed 0 1 2 NA
TOTAL SCORE (max. 42): 
RESULTS
Successful intubation   Yes    No
Number of attempts   1    2    ≥ 3
Duration of intubation                               seconds
Reason for attempt abortion
Lowest SpO2                                %
Lowest HR                                bpm
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Checks premedication 
0:  candidate does not check or gives no instructions to check premedication OR no 
premedication administered
1:  candidate checks or gives instructions to check premedication
2.  candidate checks or gives instructions to check premedication INCLUDING 
double-check of dosage 
Checks IV access 
0:  candidate does not check or gives no instructions to check the presence of an 
adequate IV access
1:  candidate checks or gives instructions to check the presence of an adequate IV 
access
Checks oxygen delivery system
0:  candidate does not check or gives no instructions to check the presence of a 
FUNCTIONING oxygen delivery system
1:  candidate checks or gives instructions to check the presence of a FUNCTIONING 
oxygen delivery system, INCLUDING adequate settings (e.g. FiO2, pressure levels) OR 
an adequately sized mask
2:  candidate checks or gives instructions to check the presence of a FUNCTIONING 
oxygen delivery system, INCLUDING adequate settings (e.g. FiO2, pressure levels) 
AND an adequately sized mask
Checks ventilator
0:  candidate does not check or gives no instructions to check the presence of a 
FUNCTIONING ventilator
1:  candidate checks or gives instructions to check the presence of a FUNCTIONING 
ventilator 
2:  candidate checks or gives instructions to check the presence of a FUNCTIONING 
ventilator WITH adequate settings (e.g. FiO 2, pressure levels, frequency, flow)
Checks suction system
0:  candidate does not check or gives no instructions to check the presence of a 
FUNCTIONING suction system
1:  candidate checks or gives instructions to check the presence of a FUNCTIONING 
suction system
2:  candidate checks or gives instructions to check the presence of a FUNCTIONING 
suction system WITH adequately sized suction catheter(s)
Appendix 2
SCORING INSTRUCTIONS FOR THE NEONATAL INTUBATION SCORING INSTRUMENT
• If an item is checked/performed in a way not predefined in the scoring instructions 
below, the item has to be scored based on the consensus of at least two professionals 
with sufficient experience regarding neonatal intubation.
• Candidates have to check/perform all items aloud, especially the ones that are not 
readily visible (in the simulation setting), such as temperature management, marker 
on the tube, tube condensation, asking for a chest X-ray, and preoxygenation level 
in case of a lower fidelity simulation system without monitor.
• Items may be checked by another person, provided that he/she is clearly instructed 
to do so by the candidate.
PREPARATION
Subtract 1 point for each item if it is not checked in a timely manner, i.e. not before 
PERFORMANCE, unless the score is already 0 points.
  
Checks intubation equipment 
Equipment to be checked: correct tube size(s) (with/without cuff), fixation materials, 
stethoscope and, according to local practice, stylet, tube lubricant, meconium aspirator 
(only in emergency intubation), capnography (EtCO2) sensor or colorimetric CO2 device
0: candidate checks < 3 items
1: candidate checks 3-4 items
2: candidate checks > 4 items
Checks laryngoscope
0:  candidate does not check or gives no instructions to check the presence of a 
laryngoscope WITH a functioning light
1:  candidate checks or gives instructions to check the presence of a laryngoscope 
WITH a functioning light 
2.  candidate checks or gives instructions to check the presence of a functioning 
laryngoscope AND an adequate blade size 
Checks Magill forceps 
0:  candidate does not check or gives no instructions to check the presence of a Magill 
forceps
1: candidate checks or gives instructions to check the presence of a Magill forceps
2:  candidate checks or gives instructions to check the presence of an ADEQUATELY 
SIZED Magill forceps 
NA: in case of oral intubation
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Tube insertion
0: tube is moved to-and-fro, possibly causing vagally mediated bradycardia
1: tube is inserted in one, rather smooth motion 
2:  tube is inserted in one, rather smooth motion WITH adequate depth (based on a 
locally used formula) 
POST-INTUBATION CARE
Checks tube position
Each item that is checked, is awarded with 1 point (i.e. max. 7 points)
Mentions tube insertion depth
0: candidate does not mention tube insertion depth
1: candidate mentions tube insertion depth
Tube fixation
0: tube is not fixated according to local protocol
1: tube is fixated according to local protocol
COMMUNICATION
Briefly explains procedure to the team
0:  no briefing PRIOR TO intubation
1:  short briefing prior to intubation, INCLUDING name (only needed in case of a clinical 
intubation), age, weight, and reason for intubation
2:  complete briefing prior to intubation, INCLUDING name (only needed in case of a 
clinical intubation), age, weight, reason for intubation AND at least 2 of the following: 
main diagnosis, special circumstances, and risk management (‘what if’) 
Task allocation prior to intubation
0:  tasks are not clearly allocated PRIOR TO intubation
1:  tasks OF SOME PERSONS INVOLVED in the intubation procedure are clearly allocated 
prior to intubation
2:  tasks OF ALL PERSONS INVOLVED in the intubation procedure are clearly allocated 
prior to intubation 
Instructions to team members during the intubation procedure
0: > 1 instruction is incorrect, incomprehensible, ambiguous, or inaudible
1: 1 instruction is incorrect, incomprehensible, ambiguous, or inaudible
2: all instructions are correct, comprehensible, unambiguous, and clearly audible
Decides about gastric tube 
0:  candidate does not mention his/her preference to intubate with or without gastric 
tube in place
1:  candidate mentions his/her preference to intubate with or without gastric tube in 
place
Removes gastric content
0:  candidate does not remove or gives no instructions to remove gastric content 
before intubation




0:  candidate does not take any measures to prevent hypothermia during intubation
1:  candidate takes some measures to prevent hypothermia during intubation (e.g. 
warm blanket AND/OR hat)
2.  candidate takes full measures to prevent hypothermia during intubation (i.e. not 
only blanket AND/OR hat, but also radiant heater OR special incubator settings)
Head positioning
0:  head not in the neutral position during preoxygenation or just prior to intubation 
in case no preoxygenation is performed
1:  head in the neutral position (optional: shoulder roll) during preoxygenation or just 
prior to intubation in case no preoxygenation is performed
Preoxygenation 
0:  In the elective setting (i.e. this study), oxygen saturation < 85% prior to intubation 
attempt
1:  In the elective setting (i.e. this study), oxygen saturation 85-93% prior to intubation 
attempt
2:  In the elective setting (i.e. this study), oxygen saturation > 93% prior to intubation 
attempt
NA: if premedication is not administered, preoxygenation is not absolutely necessary
Handling of the laryngoscope 
To be consistently evaluated from the same angle.
0: laryngoscope is TILTED, possibly causing damage to the gums
1: laryngoscope is adequately LIFTED to prevent damage to the gums
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Appendix 3
Feedback form  
Thank you very much for your participation in this study. You already performed one 
elective neonatal intubation. 
The items that required improvement during your first intubation are highlighted in 
the text below. Please read them carefully. You will be asked to repeat the identical 
intubation after 10 minutes.
We will not answer substantive questions during this period, but we are happy to 
answer your questions after your second intubation performance.
All the feedback is based on the Textbook of Neonatal Resuscitation 7th Edition.
Checks intubation equipment
0  You checked <3 items: it is important to anticipate the need for intubation and 
prepare the equipment accordingly. The equipment that should be checked includes: 
 •  Correct tube size(s) (with/without cuff)
 •  Fixation materials
 •  Stethoscope
 •  Stylet
 •  Meconium aspirator (only in delivery room intubation)
 •  Capnography (EtCO2) sensor or colorimetric CO2 device
1  You checked 3-4 items: it is important to anticipate the need for intubation and 
prepare all equipment accordingly. The equipment that should be checked includes: 
 •  Correct tube size(s) (with/without cuff)
 •  Fixation materials
 •  Stethoscope
 •  Stylet
 •  Meconium aspirator (only in delivery room intubation)
 •  Capnography (EtCO2) sensor or colorimetric CO2 device
2  No feedback required.
Asks for help when needed
0:  candidate does not ask for help despite a clear need for help
1:  candidate calls for respiratory therapist AND/OR asks for help when the patient is 
already in an unstable condition 
2.  candidate timely asks for help
NA: no help needed
RESULTS
Duration of intubation
In case of a single attempt: the period of time between the end of preoxygenation 
(mask leaves face) and the moment the laryngoscope is removed from the mouth
In case of multiple attempts: the period of time between the end of preoxygenation 
of the first attempt and the moment the laryngoscope leaves the mouth during the 
last attempt.
When preoxygenation is omitted: the period of time between the insertion of the 
laryngoscope and the moment the laryngoscope leaves the mouth. 
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Checks oxygen delivery system
0  The presence and functionality of an oxygen delivery system needs to be checked 
before the start of the intubation, including adequate settings and an adequately 
sized mask. See the picture on the next page.
1  In addition to checking the presence of a functioning oxygen delivery system, it is 
necessary to check the adequacy of the settings (e.g. FiO2, pressure levels) AND an 
adequately sized mask. See the picture on the next page.
2 No feedback required.
Checks ventilator
0  It is essential to check the presence of a functioning ventilator with adequate 
settings (e.g. FiO2, pressure levels, frequency, flow, etc.) before you start the 
intubation.
1  It is essential to check the presence of a functioning ventilator with adequate 
settings (e.g. FiO2, pressure levels, frequency, flow, etc.) before you start the 
intubation.
2  No feedback required.
Checks laryngoscope
0  It is important to check the presence of a laryngoscope WITH a functioning light 
and adequate blade size before the start of the intubation.
 Laryngoscope blades:
 •  No. 1: term newborn
 •  No. 0: preterm newborn
 •   No. 00: optional for very preterm newborn 
(straight blades (Miller), rather than curved blades (Macintosh) are preferred)
1  It is important to check the presence of a laryngoscope WITH a functioning light 
and adequate blade size before the start of the intubation.
 •  No. 1: term newborn
 •  No. 0: preterm newborn
 •   No. 00: optional for very preterm newborn 
(straight blades (Miller), rather than curved blades (Macintosh) are preferred)
2 No feedback required.
Checks Magill forceps 
Not applicable to U.S. subjects.
Checks premedication 
0  This was an elective neonatal intubation in the NICU. Prior to a non-emergent 
intubation in the NICU, premedication is strongly recommended, because it alleviates 
pain, decreases the number of attempts needed to complete the procedure, and 
minimises the potential for intubation-related airway trauma.1 Therefore, it is 
important to check the sedation status of the baby before you start the intubation. 
A double-check of medication doses is necessary to prevent errors.
1 Do not forget to double-check the dosage of the premedication to prevent errors.
2 No feedback required.
Checks intravenous access
0  An intravenous access needs to be checked before the start of the intubation. You 
will need this intravenous access for premedication and also for emergency 
medications in the event that the patient becomes unstable during the intubation 
procedure.
1 No feedback required.
1.  Lago P. Premedication for non-emergency intubation in the neonate. Minerva Pediatr 2010;62:61-3.
Textbook of Neonatal Resuscitation 7th Edition
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Head positioning
0  The airway of a newborn is extremely narrow. Overextension and flexion of the 
neck will obstruct the view of the airway. Therefore, it is important to place the 
head of the baby in the midline, the neck slightly extended and the body straight. 
You call this the ‘sniffling position’. See the picture on the right. 
1 No feedback required.
Preoxygenation 
0  The oxygen saturation before your 
intubation attempt was <85%. In the 
elective setting, the oxygen saturation 
needs to be >93% prior to your intubation 
attempt. This is to avoid low saturations 
during the intubation attempt, which 
may cause injury.
1  The oxygen saturation before your 
intubation attempt was 85-93%. In the 
elective setting, the oxygen saturation 
needs to be >93% prior to your intubation 
attempt. This is to avoid low saturations 
during the intubation attempt, which 
may cause injury.
2 No feedback required.
Handling of the laryngoscope
0  Hold the laryngoscope in your left 
hand with your thumb resting on the 
upper surface of the laryngoscope 
handle and the blade pointing away 
from you. Insert the laryngoscope 
carefully in the baby’s mouth. Use the 
tip of the Miller blade to lift up the 
epiglottis. Lift the entire laryngoscope 
in the direction as you can see in the 
picture below. Don’t bend your wrist. 
This can injure the upper gum and lip.
1 No feedback required.
Checks suction system
0  A suction system can be used when the airway of the neonate is blocked by thick 
secretions. It is important to check the presence of a FUNCTIONING suction system 
before the intubation starts. The suction control should be set so that the negative 
pressure reads approximately 80 to 100 mm Hg when the tube is occluded. In 
addition, check the presence of (an) adequately sized suction catheter(s). 10F or 12F 
before intubation and 5F or 6F after intubation via the tube.
1  A suction system can be used when the airway of the neonate is blocked by thick 
secretions. It is important to check the presence of a FUNCTIONING suction system 
before the intubation starts. The suction control should be set so that the negative 
pressure reads approximately 80 to 100 mm Hg when the tube is occluded. 
In addition, check the presence of (an) adequately sized suction catheter(s). 10F 
or 12F before intubation and 5F or 6F after intubation via the tube.
2 No feedback required.
Decides about gastric tube 
0 Mention your preference to intubate with or without gastric tube in place.
1 No feedback required.
Removes gastric content
0  Refluxed gastric contents may block the trachea. Therefore, remove gastric 
contents before intubation.
1 No feedback required.
Temperature management
0  A neonate has a high surface area to volume ratio.  Because of this, the baby is at 
high risk for heat loss. It is important to take measures to prevent hypothermia 
during intubation. For example: warm blanket, hat, radiant heater, special incubator 
settings, or similar precautions. You did not address temperature management 
during your intubation.
1  A neonate has a high surface area to volume ratio.  Because of this, the baby is at 
high risk for heat loss. It is important to take measures to prevent hypothermia 
during intubation. For example: warm blanket, hat, radiant heater, special incubator 
settings, or similar precautions. You addressed some, but not all of the measures 
needed to prevent hypothermia during intubation.
2 No feedback required. Textbook of Neonatal Resuscitation 7th Edition
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Checks tube position
Make sure that the tube is in the trachea, using different indicators:
• CO2 detector
• Auscultation
• Chest rise and fall




Mentions tube insertion depth
0  Mention the tube insertion depth, so 
that all the people who are involved in 
the intubation notice this.
1 No feedback required.
Tube fixation
0  It is important to affix the tube after you 
have checked that the tube is in the 
right position. Keep the tube in place 
by securing it. Either water- resistant 
tape or a device specifically designed to 
secure an endotracheal tube may be 
used.
1 No feedback required.
Briefly announces/explains procedure to the team
0  Announce/explain the procedure to the team prior to intubation. The best way to 
do this is according to crew resource management (CRM) principles (i.e. including 
information and risk management).
1  Announce/explain the procedure to the team according to crew resource management 
principles (i.e. including information and risk management).
2  No feedback required.
Tube insertion
0  Insert the tube in one, rather smooth motion. Moving the tube to-and-fro can 
cause vagally mediated bradycardia. Also, insert the tube with adequate depth 
(based on your locally used formula). Many tubes will have centimeter markings 
along the side or lines near the tip that function as a vocal cord guide. See the 
picture below.
1  Insert the tube with adequate depth (based on a locally used formula). Many tubes 
will have centimeter markings along the side or lines near the tip that function as 
a vocal cord guide. See the picture below.
2 No feedback required. 
Textbook of Neonatal Resuscitation 7th Edition
Textbook of Neonatal Resuscitation 7th Edition
Textbook of Neonatal Resuscitation 7th Edition
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Task allocation prior to intubation
0  Allocate clearly the tasks of all persons who are involved in the intubation 
procedure prior to intubation.
1  Ensure that you allocate tasks to all persons who are involved in the intubation 
procedure prior to intubation. 
2 No feedback required.
Instructions to team members during the intubation procedure
0 Note that >1 instruction was incorrect, incomprehensible, ambiguous, or inaudible. 
1 Note that 1 instruction was incorrect, incomprehensible, ambiguous, or inaudible.
 
2 No feedback required. 
 Asks for help when needed
0  The patient had become unstable and additional help was not requested. It is 
advised to ask for help whenever (and ideally, before) a patient becomes unstable.
1  Additional help was requested only after the patient had become unstable. It is 
advised to ask for help before a patient becomes unstable.
2 No feedback required.
Final comment
The steps of intubation should be completed within approximately 30 seconds. 
The baby is not being ventilated during the procedure, so rapid action is essential.
Repeated attempts at intubation are not advised, because you will increase the likelihood 
of soft-tissue trauma and make subsequent airway management more difficult.2
2. Textbook of Neonatal Resuscitation 7th Edition
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Introduction
Approximately 5-10% of all newborns require support of transition to initiate breathing 
and aerate the lungs; true resuscitation at birth, including chest compressions and 
medications, occurs significantly less often.1-7 Inadequate initial cardiorespiratory 
support may inflict pulmonary damage and may conduce to ongoing hypoxia/ischaemia, 
possibly aggravating cerebral injury. The European Resuscitation Council (ERC) and 
American Heart Association (AHA) publish guidelines for the resuscitation of newborns 
at birth.1,8,9 Healthcare professionals qualified to perform neonatal resuscitations are 
expected to abide by these guidelines. By attending the Newborn Life Support (NLS) 
and/or European Paediatric Advanced Life Support (EPALS) courses of the ERC, 
or the Neonatal Resuscitation Program (NRP) outside Europe, professionals can 
acquire and maintain the knowledge and skills required for guideline adherence. 
In the Netherlands, the NLS course is obligatory for paediatric residents. Many Dutch 
paediatricians also participate in this course. There is some, though limited evidence 
that structured neonatal resuscitation training improves patient outcomes.3,4,10
 A prerequisite for the positive effect of resuscitation guidelines on patient 
outcomes is adequate adherence to these guidelines. Previous studies looked at the 
adherence to neonatal resuscitation guidelines using video recording of delivery 
room management. Carbine et al. reported that 54% of neonatal resuscitations 
deviated from guideline recommendations.11 Other studies also revealed insufficient 
compliance with the guidelines.2,3,6,10,12 More complex resuscitations were associated with 
poorer adherence.2,11 Commonly reported deviations were: overly vigorous stimulation, 
undue/inadequate suctioning, inadequate/unnecessary positive pressure ventilation, 
unjustified delivery of oxygen, prolonged/multiple intubation attempts, not completing 
tasks within the allocated time intervals, and overestimated Apgar scores. Most 
studies could not reliably report on the adequacy of chest compressions (CC), because 
resuscitations requiring compressions were infrequent. Crew resource management 
(CRM) skills during neonatal resuscitations also deserved attention.6,10 
 Video-based assessment of simulated or real-life neonatal resuscitations proved 
to be feasible and informative in the aforementioned studies. However, video 
recording, as the only means of assessment, has its audiovisual limitations,13 and 
does not provide objective, quantitative data on vital physiological parameters.14 
Therefore, we evaluated the adherence of Dutch paediatricians to the NLS guideline 
of the ERC in a simulated setting, using a scenario running on a model-driven, 
high-fidelity neonatal patient simulator. This allowed for the measurement of several 
resuscitation quality metrics, including airway patency, applied airway pressures, and 
CC. We also assessed paediatricians’ NLS knowledge and reviewed strategies to 
improve (neonatal) resuscitation guideline adherence.
Abstract
We wanted to assess newborn life support (NLS) knowledge and guideline adherence, 
and provide strategies to improve (neonatal) resuscitation guideline adherence. 
Paediatricians completed 17 multiple-choice questions (MCQ). They performed a 
simulated NLS scenario, using a high-fidelity manikin. The literature was systematically 
searched for publications regarding guideline adherence. Forty-six paediatricians 
participated: 45 completed the MCQ, 34 performed the scenario. Seventy-one percent 
(median, IQR 56-82) of the MCQ were answered correctly. Fifty-six percent performed 
inflation breaths ≤60 sec, 24% delivered inflation breaths of 2-3 sec, and 85% used 
adequate inspiratory pressures. Airway patency was ensured 83% (IQR 76-92) of the 
time. Median events/min, compression rate, and percentage of effective compressions 
were 138/min (IQR 130-145), 120/min (IQR 114-120), and 38% (IQR 24-48), respectively. 
Other adherence percentages were: temperature management 50%, auscultation of 
initial heart rate 100%, pulse oximeter use 94%, oxygen increase 74%, and correct 
epinephrine dose 82%. Ten publications were identified and used for our framework. 
The framework may inspire clinicians, educators, researchers, and guideline 
developers in their attempt to improve resuscitation guideline adherence. It contains 
many feasible strategies to enhance professionals’ knowledge, skills, self-efficacy, 
and team performance, as well as recommendations regarding equipment, environment, 
and guideline development/dissemination. 
Conclusion
NLS guideline adherence amongst paediatricians needs improvement. Our framework 
is meant to promote resuscitation guideline adherence.
What is known?
• Inadequate newborn life support (NLS) may contribute to (long-term) pulmonary 
and cerebral damage.
• Video-based assessment of neonatal resuscitations has shown that deviations 
from the NLS guideline occur frequently; this assessment method has its audiovisual 
shortcomings. 
What is new?
• The resuscitation quality metrics provided by our high-fidelity manikin suggest that 
the adherence of Dutch general paediatricians to the NLS guideline is suboptimal. 
• We constructed a comprehensive framework, containing multiple strategies to 
improve (neonatal) resuscitation guideline adherence. 
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structive nurse was present from the start of the scenario. This nurse acted as in real 
clinical care, but only on the participant’s request; the nurse did not prompt or initiate 
any actions independently. Participants could summon one or more colleagues for 
back-up assistance. The scenario ended when the patient recovered. Recovery was 
defined as a heart rate >100/min, which occurred once the simulator had detected an 
adequate minute ventilation and after epinephrine had been administered. To avoid 
a learning curve, there was no collective debriefing and no possibility to watch each 
other’s performance. Paediatricians did receive individual feedback. The participants 
were asked not to discuss the contents of the scenario (and knowledge test) with the 
remaining CME event participants.
 All simulations were supervised by MH and/or TA, sitting in a control room 
separated from the simulation room by a one-way mirror. Both are neonatologists 
and NLS instructors with extensive experience in high-fidelity video-assisted real-time 
simulation training. They provided brief answers to queries of the participants via the 
intercom; there were no time-consuming discussions influencing time responses. No 
extra cues or suggestions were given. The simulations were videotaped with multiple 
ceiling-mounted cameras for later assessment.
 An originally low-fidelity manikin (Newborn Anne, Laerdal Benelux, the Netherlands) 
was customised and provided with various recording features by TA (an expert in 
simulation models), transforming it into a model-driven, high-fidelity neonatal patient 
simulator. Tidal volumes, airway pressures, and CC characteristics were calibrated 
using flow and pressure sensors. This simulator was pre- programmed in such a way 
that physiological responses to resuscitative interventions occurred automatically, 
without instructor interference, resulting in standardised effects of resuscitative 
efforts among the simulations.15 The simulator provided the following resuscitation 
quality metrics: start and duration of inflation breaths; PIP; duration of airway 
patency; start, rate, and effectiveness of CC; events/min; time to epinephrine 
administration, and time to recovery. The simulator determined CC rate by measuring 
the time interval between CC instead of counting the number of CC/min. The 
corresponding recommended CC rate is thus 100-120/min instead of 90/min (i.e. 120 
events/min minus 30 ventilations/min).
 All videotaped scenarios were assessed by IvdW to evaluate adherence to readily 
observable items of the NLS algorithm. A checklist was used to assess whether the 
following tasks were done in the right way and sequence: drying the newborn, removal 
of wet towels, hat placement, auscultation of initial heart rate, pulse oximetry use, 
increase in oxygen when starting CC, and epinephrine administration. 
Materials and methods
Data were collected during a three-day continuing medical education (CME) event for 
general paediatricians at our centre. The main theme of the event did not involve 
(neonatal) resuscitation, so participants did not specifically prepare for participation 
in our study. This study took place just prior to the latest update of the ERC guidelines 
in 2015. Hence, we used the 2010 ERC guideline (and its Dutch equivalent) as a 
reference.1 The only changes in the 2015 ERC guideline relevant to this study were 
(1) the more explicit recommendation to apply a higher peak inspiratory pressure (PIP) 
(i.e. 30 cm H2O) during inflation breaths in term newborns, (2) the gestational age 
below which plastic wrapping is indicated (<32 weeks instead of <28 weeks), and (3) 
the option to start with 30% oxygen in preterm infants.8
Background characteristics 
We gathered information on the paediatricians’ sex, working experience, hospital 
type and location, NLS course attendance, and time since last NLS certification. Note 
that paediatricians are fully trained consultants in the Netherlands. 
Knowledge assessment
On each day, a subset of paediatricians attending the CME event completed a 
knowledge test, all at the same time. This test consisted of 23 NLS-related multiple- 
choice questions (MCQ), based on the 2010 ERC guideline. The test was developed by 
MH and critically appraised by TA. Both are qualified and experienced medical 
educators. Paediatricians were not acquainted with their knowledge test results prior 
to participation in the simulation scenario in order to study their NLS skills without 
specific preparation.
Simulation scenario
Following the knowledge test, (the same subset of) paediatricians participated in 
an NLS scenario in the simulation facility of our level III perinatal care centre. 
The scenario was not scripted. Participants were requested to perform a real-time 
resuscitation at birth according to the guidelines, so the NLS algorithm itself served as 
‘script’. Beforehand, the simulation room and available equipment were demonstrated. 
Participants received a detailed orientation to the neonatal patient simulator, 
including an explanation regarding the real-time preparation, insertion, and use of an 
umbilical venous catheter (UVC). Each scenario started with a briefing: a term newborn 
with an appropriate weight for gestational age, born after an uneventful pregnancy, 
with clear amniotic fluid, required resuscitation at birth. Standard delivery room 
necessities, including warm towels and a hat, were provided. The radiant warmer was 
already switched on. Vitals were shown on a standard patient monitor. A non-ob-
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Results
Background characteristics
Forty-six paediatricians participated. Due to time constraints and the fact that 
paediatricians, who provided back-up assistance for a colleague, did not start their 
own scenario anymore, only 34 participated in the scenario. Forty-five paediatricians 
completed the MCQ. Participants worked in 24 different Dutch hospitals (23 general, 
1 academic). Twenty-three participants (50%) were male. Median years of working 
experience in paediatrics was 13 (IQR 8-21). Twenty-one (46%) and 39 (85%) participants 
had attended the NLS and Advanced Paediatric Life Support (APLS) course, 
respectively. A median of 4 years (IQR 2-5) and 5 years (IQR 2-7) had elapsed since last 
NLS and APLS certification, respectively. There were no significant differences between 
‘NLS providers’ and ‘APLS providers’ regarding the knowledge test results and scenario 
performances mentioned below. Dutch general paediatricians are exposed to 
approximately 1-2 real neonatal resuscitations each year.
Knowledge assessment
MCQ results are presented in Table 1. A version of this table with all answer options to 
the MCQ can be found in Appendix 1. Six questions were excluded from analysis, since 
they did not strictly pertain to information contained in the NLS course manual or 
guideline. Participants answered a median of 71% (IQR 56-82) of the questions 
correctly. Questions regarding laryngeal mask airway use, delayed cord clamping, 
ventilation rate, compression/ventilation ratio, and events/min were answered 
correctly by ≤40% of the paediatricians. 
Simulation scenario
Resuscitation quality metrics are shown in Table 2. None of the participants performed 
<100 CC/min; 17 (50%) delivered >120 CC/min. The median time interval between 
initiation of CC and epinephrine administration was 255 sec (IQR 206-348). Scores for 
the other items, as obtained by video observation, are presented in Table 3. In both 
tables, we provided the error type associated with each item to make a clear 
distinction between inadequate skill performance (errors of commission) and 
inadequate execution of the consecutive steps of the algorithm (errors of omission). 
Multiple linear regression analysis did not produce clinically relevant results. 
Literature search 
Several strategies to ameliorate (neonatal) resuscitation guideline adherence could 
be extracted from the publications that were already identified as references for our 
manuscript.2,4,7,10-23 We endeavoured to construct a comprehensive framework with 
recommendations to improve guideline adherence for cardiopulmonary resuscitation 
(CPR) in general, and for NLS in particular. Therefore, a systematic literature search 
was performed to identify additional publications. The following search strategy was 
used in PubMed:
1. Reviews on improvement of guideline adherence in general: (“Guideline Adherence” 
[Mesh]) AND ((((implementation) OR enhance) OR increase) OR improv*) (* denotes 
truncation symbol). Limits: English, humans, review.
2. Publications on improvement of resuscitation guideline adherence: (((“Guideline 
Adherence” [Mesh]) AND ((((implementation) OR enhance) OR increase) OR 
improv*))) AND (((“Cardiopulmonary Resuscitation” [Mesh]) OR “Resuscitation” 
[Mesh]) OR life support). Limits: English, humans, review, systematic reviews, 
meta-analysis, randomised controlled trial. 
3. ‘Similar articles’ of the publication by Cabana et al..16 Limits: English, humans, 
reviews.
MB and MH independently screened the titles of candidate articles. If titles were 
unclear, abstracts and/or full texts were appraised for eligibility. The reference lists 
of relevant articles were also reviewed. Differences in the selection of articles were 
discussed between MB and MH; together, they decided on the final selection of the 
articles in question.
Statistical analysis
Resuscitation quality metrics were not normally distributed and therefore presented 
as median with interquartile range (IQR) and range. Descriptive statistics were used 
for the video observations and the MCQ. Multiple linear regression analysis with 
backward selection was performed, with working years in paediatrics, years elapsed 
since last NLS course, and percentage of correct MCQ answers as independent 
variables, and inflation time, percentage of effective compressions, percentage of 
airway patency, CC rate, and events/min as outcome parameters, respectively. 
Statistical analyses were performed with SPSS for Windows version 22.0 (IBM, Armonk, 
NY, US).
 Study participation was voluntary and written informed consent was obtained 
from all participants. The Institutional Review Board concluded that study approval 
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From these ten studies, we extracted additional strategies to improve (resuscitation) 
guideline adherence. The abridged versions of all these strategies were transferred to 
our framework (Table 4). The main categories of the framework (characteristics of the 
professionals, environment/equipment, and guidelines) were adapted from Francke 
et al..24
Literature search
Our search strategy yielded the following results:
1. 925 hits, four studies selected: 2 systematic meta-reviews,24,25 1 systematic review,26 
1 qualitative focus group study.27
2. 190 hits, four studies selected: 3 randomised controlled trials,28-30 1 retrospective 
cohort study.31
3. 43 hits, two studies selected: both systematic reviews.32,33
Table 1. Knowledge test results (n=45).
No. Question Correct
1 Below which gestational age is plastic wrapping recommended? 84.4%
2 What are the possible consequences of hypothermia directly after birth? 80.0%
3 Below which heart rate is it unreliable to feel cord pulsations? 57.8%
4 Is colour assessment essential and reliable to judge oxygenation? 80.0%
5 What are the correct head position and airway opening manoeuvres for a 
newborn?  
95.6%
6 How to determine the correct size of an oropharyngeal airway? 77.8%
7 Above which gestational age/weight can an LMA be considered? 33.3%
8 How should the initial inflation breaths be performed? 82.2%
9 What is the correct rate of ventilations in the absence of spontaneous 
breathing?
35.6%
10 What is an acceptable pre-ductal oxygen saturation at 5 min? 66.7%
11 How/at which site should a pulse oximeter be applied? 66.7%
12 What are the correct compression/ventilation ratio and number of events 
per minute?
40.0%
13 Below which heart rate should chest compressions be started? 82.2%
14 When should the FiO2 be increased, if not already done before? a 75.6%
15 What is the correct dose of epinephrine? 68.9%
16 What is the recommended administration route of epinephrine? 95.6%
17 In which babies is delayed cord clamping (1 min) recommended? 40.0%
FiO2, fraction of inspired oxygen; LMA, laryngeal mask airway. a Although not evidence-based, the administration 
of supplementary oxygen at the start of chest compressions is considered to be ‘sensible’ according to the 
ERC guideline and it is an actual prescription in the Dutch NLS guideline.
Table 2.  Resuscitation quality data as provided by the neonatal patient simulator 
(n = 34).








55 (47-72) 36-206 ≤60 19 (56%) Commission
Inflation breath 
duration (sec) 
1.67 (1.47-1.67) 1.08-2.83 2-3 8 (24%) Commission
Maximum PIP 
(cm H2O)
19 (18-19) 15-37 20 b 29 (85%) Commission
Airway open
(% of time)
83 (76-92) 39-100 100 c 3 (8.8%) Commission
Start CC (sec) 108 (90-151) 67-254 - - -
CC (per min) 120 (114-120) 102-142 100-120 d 17 (50%) Commission
Effective CC (%) 38 (24-48) 10-69 100 c 0 (0%) Commission
Events per minute 138 (130-145) 124-172 120 4 (11.8%) Commission
Administration 
of epinephrine (sec)
377 (320-497) 211-677 - - -
Time to recovery (sec) 444 (388-565) 271-719 - - -
CC, chest compressions; ERC, European Resuscitation Council; IQR, interquartile range; PIP, peak inspiratory 
pressure.
a  According to Yamada et al..2 Errors of commission are interventions that are not indicated, not timely done, 
or not adequately performed. Errors of omission are interventions that are indicated, but not performed.
b  The 2010 ERC guideline literally stated that ‘an initial inflation pressure of 20 cm H2O may be effective, 
but 30-40 cm H2O or higher may be required in some term babies’.1 The 2010 Dutch guideline on newborn 
life support more strictly prescribed an initial PIP of 20 cm H2O.
c  Not literally mentioned in the ERC guideline, but evidently the desired percentage.
d  Although the effective number of compressions per min should be 90, due to intervening ventilations, 
the recommended rate is 100-120 CC/min.
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Table 3. Scores for items assessed by video observation (n=34).
Item Done, n (%) Associated 
error type a
Drying the newborn 32 (94%) Omission
Removal of wet towels 18 (53%) Omission
Hat placement 23 (68%) Omission
Temperature management b 17 (50%) Omission
Initial heart rate assessment c 34 (100%) Omission
Correct application of pulse oximeter 32 (94%) Omission
Increase in oxygen concentration d 25 (74%) Omission
Correct epinephrine dose e 28 (82%) Commission
a  According to Yamada et al..2 Errors of commission are interventions that are not indicated, not timely done, 
or not adequately performed. Errors of omission are interventions that are indicated, but not performed.
b  All 3 items (drying, towels, and hat) combined. 
c  Auscultation was required for heart rate assessment; palpation of umbilical pulse was disapproved in the 
presence of bradycardia.
d  At the start of chest compressions. Although not evidence-based, increasing the oxygen concentration at 
the initiation of chest compressions is considered to be ‘sensible’ according to the ERC guideline and it is 
an actual instruction in the Dutch NLS guideline.
e  10 micrograms/kg intravenously (recommended route) or 50-100 micrograms/kg endotracheally (not 
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Chapter 8 Neonatal resuscitation guideline adherence
in the preceding 6 months, so they had a relatively recent booster. Some questions in 
our MCQ, e.g. the ones on laryngeal mask airway use and delayed cord clamping, were 
perhaps a little less essential for the practice of NLS by general paediatricians at that 
time. However, various paediatricians appeared to be unaware of important 
information regarding ventilations and compressions. 
 The NLS certification rate of our participants was comparatively low (46%). The 
majority (85%) of our participants did attend the APLS course. However, the Dutch 
APLS course only contains background information on and a demonstration of NLS, 
but does not incorporate practical rehearsal of NLS skills. Moreover, a median of 4-5 
years had elapsed since our participants attended their last certified NLS or APLS 
course. The recertification interval for NLS and APLS is 4 years in the Netherlands. 
Unfortunately, we were not informed about the rate and nature of the neonatal 
resuscitation simulation training that our participants attended at their local 
hospitals. We know that they usually rehearse NLS scenarios at least once a year 
using a lower fidelity manikin and environment. In view of our results, paediatricians 
probably need to follow more frequent booster training to maintain their resuscitation 
capabilities. Annual refreshers may not be sufficient, for it is well known that 
resuscitation skills deteriorate within 3-6 months after initial training without regular 
practice.34
 The identification of guideline deviations is especially important in planning 
interventions to optimise algorithm adherence and quality of skill performance.2,3 
Instead of only focusing on errors, we intended to come up with solutions as well. We 
therefore decided to create the framework as depicted in Table 4. This framework is 
meant to inspire clinicians, researchers, medical technicians, manufacturers, medical 
educators, policy makers, course directors, and guideline developers. It is not a 
formally validated tool to be implemented as a whole at any particular department. 
It should serve as a guide or ‘checklist’ for institutions and departments that seek to 
enhance (neonatal) resuscitation guideline adherence. Departments may select the 
interventions that are relevant and feasible for them. The framework contains recom-
mendations to improve both the stepwise execution of the algorithm and the 
performance of the skills therein, in order to redeem errors of omission and 
commission, respectively. For example: pocket cards, prompts, mnemonics, and 
decision support tools may ameliorate the stepwise process, while regular hands-on 
practice with feedback (devices) and the provision of correct equipment are measures 
to ensure adequate skill performance. Having incorporated a column with examples 
and/or extra information, we believe that our framework is self-explanatory. Some of 
the strategies are quite innovative and require advanced technology to effectuate 
them. However, many other strategies are less resource-demanding and can be 
realised in basically every hospital. Strategies that involve the use of video recording 
in the delivery room may raise ethical concerns.14 These should be addressed before 
Discussion
This study revealed that the adherence of Dutch paediatricians to the NLS guideline 
was suboptimal. In line with the publication by Yamada et al.,2 guideline deviations 
can be separated into errors of commission and errors of omission. We mainly 
encountered errors of commission as far as technical skills (compressions and 
ventilations) were concerned. Inflation breaths were started too late, they lasted too 
short, continuous airway patency was infrequently achieved, and the majority of CC 
were ineffective. On the other hand, inspiratory pressures and epinephrine dose were 
mostly correct. Considering the fact that CC rate and events/min were comparatively 
high, it appears that rapidness occurred at the expense of effectiveness. Errors of 
omission occurred less often. A quarter of the paediatricians did not increase the 
amount of oxygen when CC were initiated, as prescribed in the Dutch NLS guideline 
and suggested in the ERC guideline. Only half of them took full measures to maintain 
body temperature. Pulse oximetry was applied by the majority of our participants and 
all assessed initial heart rate by auscultation. Looking at the error types, healthcare 
professionals are apparently in need of reminders/prompts to ensure execution of all 
steps of the algorithm, whereas they require real-time quantitative feedback to guide 
their performance of technical skills. 
 Overall, it was interesting to witness a large variation in algorithm execution and 
skill performance among the paediatricians. For example, time to recovery varied 
between 4.5 and 12 min. Our findings substantiate the results of previous researchers 
in that neonatal resuscitation guideline adherence is rather low, and that ventilation 
errors occur frequently. In addition, we found that circulatory support also needs 
improvement. The ventilatory flaws are perhaps more intriguing than the circulation- 
related inadequacies. After all, paediatricians are more exposed/used to assisted 
ventilation than to compressions and medications, as (respiratory) support of 
transition is needed far more often than extensive resuscitation.
 NLS knowledge was also suboptimal. Seventy-one percent of the multiple- choice 
questions were answered correctly. The cut-off point for passing the knowledge 
assessment of the NLS course is 80%. From a database, held by the Dutch Resuscitation 
Council and the Dutch Foundation for the Emergency Medical Care of Children, 
containing data from 2016 to 2019, we learned that 97% of all Dutch NLS participants 
passed the post-course MCQ. Median (IQR) test scores on the pre-course and 
post-course MCQ were 90% (86-96%) and 90% (86-94%), respectively. These 
percentages are higher than the 71% found in our study, probably because the 
pre-course and post-course results were achieved following manual reading and the 
NLS course, respectively, whereas paediatricians were tested ad hoc in the current 
study. Paediatric residents at the University of Colorado (USA) had a pass rate of 
79±3% on a pretest that assessed NRP knowledge.17 All these residents reviewed NRP 
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Conclusions
The adherence of Dutch general paediatricians to the NLS guideline was suboptimal 
in our simulated setting. Their knowledge of important aspects of resuscitation at 
birth also requires attention. In an attempt to improve resuscitation guideline 
adherence, we constructed a comprehensive framework containing multiple 
suggestions to this end. 
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implementation. In spite of the framework’s size, we would like to emphasise that one 
should not lose sight of the pivotal role of repeated hands-on practice to ensure 
proper psychomotor skills. Also note that our framework does not exclusively pertain 
to NLS; it is probably also useful for the improvement of adherence to paediatric and 
adult resuscitation guidelines.
 Our research group is currently working on follow-up studies, in which one or 
more strategies, taken from our framework, will be employed in an attempt to improve 
resuscitation guideline compliance. A very promising strategy, in our opinion, is the 
application of electronic decision support tools.4,18 We are planning to implement 
such a tool at our department, and will hopefully report on its use during delivery 
room resuscitation in the near future. A bundle of interventions from our framework 
will be used in a study that explores ways to enhance adherence to the Airway, 
Breathing, Circulation, Disability, and Exposure (ABCDE) algorithm during the 
assessment of critically ill patients. Finally, we are investigating if use of a mixed 
reality device (i.e. the Microsoft®  HoloLens™) will improve NLS guideline adherence. 
Strengths
The main strength of our study was the use of an adequately calibrated, model-driven, 
high fidelity neonatal patient simulator. This enabled us to obtain objective, 
quantitative data on important resuscitation quality metrics, including CC rate and 
effectiveness. Inasmuch as our participants did not prepare for participation in the 
NLS scenario and knowledge assessment, our findings reflect the ad hoc NLS 
capabilities of Dutch general paediatricians. Furthermore, participants worked in 24 
different hospitals located in different regions of the Netherlands, so our results are 
probably representative of the quality of NLS performance in our country. 
Limitations
This study took place prior to the implementation of the 2015 ERC guidelines,8 so we 
used the 2010 ERC guideline as a reference.1 However, we believe that the changes in 
the latest version of the guideline do not affect the interpretation of our results, and 
that our conclusions still apply today. We used a locally adapted neonatal patient 
simulator, because this simulator is customised to our needs. Although this may 
preclude reproducibility, we expect our measurements to be repeatable and 
replicable, since we appropriately calibrated our simulator. UVC insertion was not 
tested, though paediatricians were asked to perform this real-time. The MCQ and 
checklist were developed with care, but not formally validated. The MCQ used to 
assess NLS knowledge on ERC courses has not been officially validated either. Using a 
test from abroad (e.g. the NRP knowledge assessment) would have required a separate 
validation study first. Also, due to methodological differences between the NLS and 
NRP, the NRP test will probably not be suitable to assess NLS knowledge.  
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8 How should the initial inflation breaths be performed?
a. Five inflations during 3 seconds each with a PIP of 30 cm H2O
b. Five inflations during 5 seconds each with a PIP of 30 cm H2O
c. Five inflations during 3 seconds each with a PIP of 20 cm H2O
d. Five inflations during 5 seconds each with a PIP of 20 cm H2O
82.2%
9 What is the correct rate of ventilations in the absence of spontaneous breathing?
a. 30-60 breaths per minute
b. 20-40 breaths per minute
c. 40-60 breaths per minute
d. 20-60 breaths per minute
35.6%






11 Which of the following statements is/are correct?
1. The pulse oximeter sensor should be placed on the right hand/wrist.
2. Connect the sensor to the pulse oximeter before placing the sensor on the 
right hand/wrist.
a. Statement 1 is correct, statement 2 is incorrect 
b. Statement 2 is correct, statement 1 is incorrect
c. Both statements are correct
d. Both statements are incorrect
66.7%
12 Which of the following statements is/are correct?
1. The correct compression:ventilation ratio is 3:1. 
2. One should aim for approximately 100 events 
(i.e. compressions plus ventilations) per minute. 
a. Statement 1 is correct, statement 2 is incorrect 
b. Statement 2 is correct, statement 1 is incorrect
c. Both statements are correct
d. Both statements are incorrect
40.0%
13 Below which heart rate should chest compressions be started?
a. < 100 beats per minute
b. < 80 beats per minute
c. < 60 beats per minute
d. < 40 beats per minute
82.2%
14 When should the FiO2 be increased, if not already done before? a
a. At the start of assisted ventilation
b. At the start of chest compressions
c. If the oxygen saturation is < 85% after 5 minutes
d. In the absence of chest rise
75.6%
15 What is the correct dose of epinephrine? 
a. 10 micrograms per kilogram i.v.
b. 50-100 micrograms per kilogram e.t.
c. 10 micrograms per kilogram i.o.
d. All of the above
68.9%
Appendix 1. 
Knowledge test with results (n=45).
Correct answers are written in bold font.
No. Question Correct
1 Below which gestational age is plastic wrapping recommended?
a. < 26 weeks
b. < 27 weeks
c. < 28 weeks
d. < 29 weeks
84.4%




d. Answers a. and b. are correct
80.0%
3 Below which heart rate is it unreliable to feel cord pulsations?
a. 120 beats per minute
b. 100 beats per minute
c. 80 beats per minute
d. 60 beats per minute
57.8%
4 Which of the following statements is/are correct?
1. Colour is a reliable method to judge oxygenation.
2. Colour assessment is essential to proceed in the NLS algorithm.
a. Statement 1 is correct, statement 2 is incorrect 
b. Statement 2 is correct, statement 1 is incorrect
c. Both statements are correct
d. Both statements are incorrect
80.0%
5 Which of the following statements is/are correct?
1. The correct head position of a newborn is the neutral position.
2. Chin lift and jaw thrust are airway opening manoeuvres in a newborn.
a. Statement 1 is correct, statement 2 is incorrect 
b. Statement 2 is correct, statement 1 is incorrect
c. Both statements are correct
d. Both statements are incorrect
95.6%
6 How to determine the correct size of an oropharyngeal airway?
a. Distance from the tip of the nose to the tragus
b. Distance from the centre of the mouth to the angle of the jaw
c. Distance from the corner of the mouth to the angle of the jaw
d. Distance from the centre of the mouth to the tragus
77.8%
7 Above which gestational age/weight can an LMA be considered? 
a. Newborns weighing ≥ 2500 grams
b. Newborns weighing ≥ 2000 grams
c. Newborns with a GA ≥ 37 weeks 
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16 What is the recommended administration route of epinephrine?
a. Endotracheal
b. Intraosseous
c. Intravenous, through a peripheral cannula
d. Intravenous, through an umbilical venous catheter
95.6%
17 In which babies is delayed cord clamping (1 min) recommended?
a. Uncompromised preterm infants 
b. Uncompromised term infants
c. Answers a. and b. are correct
d. Term and preterm infants, irrespective of their condition
40.0%
FiO2, fraction of inspired oxygen; GA, gestational age; LMA, laryngeal mask airway; NLS, newborn life support; 
pCO2, partial pressure of carbon dioxide;  PIP, peak inspiratory pressure. 
a Although not evidence-based, the administration of supplementary oxygen at the start of chest 
compressions is considered to be ‘sensible’ according to the ERC guideline and it is an actual prescription in 
the Dutch NLS guideline.
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Chapter 9 Adherence to the ABCDE approach
Abstract
Background 
The Airway, Breathing, Circulation, Disability, and Exposure (ABCDE) approach is widely 
recommended and taught in many resuscitation courses. We assessed the adherence 
to the ABCDE algorithm and whether this was affected by the instruction method 
used to teach this approach. 
Methods 
Randomised controlled trial. Simulation was used as investigative methodology. 
Neonatal healthcare providers participated in simulated neonatal advanced life 
support (NALS) scenarios, using a high-fidelity manikin. They were randomly assigned 
to a video-based instruction (intervention group) or a conventional lecture (control 
group) as the method of instruction. One blinded researcher evaluated the adherence 
to the ABCDE approach on video with an assessment tool specifically designed and 
tested for this study. The primary outcomes were: 1) the overall adherence and 2) the 
between-group difference in individual adherence to the ABCDE approach, both 
expressed as a percentage score. Secondary outcomes were: 1) the scores of each 
profession category (nurses, neonatal ward clinicians, fellows/neonatologists) and 2) 
the scores for the separate domains (A, B, C, D, and E) of the algorithm. 
Results
Seventy-two participants were assessed. Overall mean (SD) percentage score was 
31.5% (19.0). The video-based instruction group (28 participants) adhered better to 
the ABCDE approach than the lecture group (44 participants), with mean (SD) scores 
of 38.8% (18.7) and 27.8% (18.2), respectively (p=0.026). The difference in adherence 
between both groups could mainly be attributed to differences in the adherence to 
domain B (p=0.023) and C (p=0.007). Neonatal ward clinicians showed better adherence 
than nurses.
Conclusions
Overall adherence to the ABCDE algorithm was rather low. Video-based instruction 
resulted in better adherence to the ABCDE approach during NALS training than 
lecturing. 
Background
The systematic ABCDE approach, acronym for Airway, Breathing, Circulation, Disability, 
and Exposure, is a widely accepted, expert-based algorithm for the management of 
(possibly) critically ill or injured patients of all age categories.1,2 The ABCDE approach 
functions as an assessment algorithm, which enables healthcare providers to identify 
and respond to critical conditions in order of priority.2,3 Experts believe that the 
ABCDE approach may improve the assessment and initial treatment of those in need 
of emergency care.1,2 Therefore, (inter)national guidelines recommend the use of this 
approach whenever serious illness or injury is suspected, regardless of the underlying 
cause.1,2,4
 Although the ABCDE approach is ubiquitously advocated, also in our centre, our 
personal observations and limited data from previous research indicate that 
adherence to the ABCDE approach needs improvement, both during simulation 
training and in clinical care.5 There are multiple strategies conceivable to improve 
algorithm/guideline adherence. For example: the algorithm’s feasibility and scientific 
base may be enhanced, consensus on algorithm application may be augmented 
within teams, and various mnemonics, checklists, prompts, feedback devices, and 
other adjuncts may be used (Chapter 8).6 Yet another straightforward strategy is to 
develop effective training programmes, through which healthcare professionals can 
acquire and retain the knowledge and skills required to apply the algorithm adequately.
 Simulation-based training (SBT) is commonly employed to teach skills, such as 
the ABCDE approach, during resuscitation courses.7-9 Although the effectiveness of 
SBT appears to be established, also in the context of teaching the ABCDE approach, 
evidence regarding the most effective instruction method for this training is 
scarce.7,10-12 Video-based instruction (VBI) has been used for the education of 
resuscitation skills. It is an attractive instructional method, for it combines the 
advantages of observational learning and audiovisual support, it always shows a 
perfect demonstration, and it could be more cost-effective and less time-consuming 
than conventional teaching. Several studies found promising results for VBI, including 
improved practical skills and increased self-confidence.13-16 However, the majority of 
these studies used an instructional video as part of a self-directed learning approach 
instead of an in-hospital course.17,18 Furthermore, evidence regarding the most 
effective instruction method for teaching the ABCDE approach in particular is virtually 
absent.
 The current study was the first step of a more elaborate project investigating 
adherence to the ABCDE approach and ways to improve this adherence. Simulation 
was used as a methodology in this randomised controlled trial to investigate overall 
adherence and the possible difference in individual adherence to the ABCDE algorithm 
between neonatal healthcare professionals who received either VBI or a conventional 
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The instructional video showed a NICU nurse and senior paediatric resident 
consecutively performing perfect demonstrations of the ABCDE approach during a 
NALS simulation scenario. The video was interspersed with brief screenshots with 
text emphasising the tasks performed for the various domains of the algorithm. The 
video was specifically made for this study by a neonatologist with experience in SBT 
(MB). The lecture concerned a PowerPoint presentation of 30 slides (Microsoft Office 
PowerPoint 2007), in which the application of the ABCDE approach during NALS was 
explained step-by-step. The lecture was given by an experienced simulation specialist, 
the video was shown without additional comments. Questions of the participants 
were only briefly answered to elucidate the content of the lecture or video, without 
digressions. Both lecture and video were presented once, and they were only available 
on training days, not online or elsewhere. MB meticulously checked that the video and 
lecture contained the same teaching content. Except for the instruction method, 
training days were identical in both groups.
 After instruction of the ABCDE approach, participants received a 15 min orientation 
to the simulation environment, equipment, and manikin by the simulation operator. 
The simulation room closely mimicked our clinical work environment, including a 
patient bed, monitor, ventilator, T-piece oxygen delivery device, suction, intravenous 
setup, defibrillator, and crash cart with basically the same equipment and medications 
as available on our ward (Table 1). All equipment had standardised locations within 
the simulation room and was carefully demonstrated. The phone (to call for back-up 
assistance) and intercom (to communicate with the simulation operator) were 
introduced to the participants. All features, possibilities (e.g. vascular access, 
umbilical cord catheterisation, chest drain placement, tracheal intubation, pupil 
reflexes, and clonic seizures), and impossibilities (e.g. changes in skin colour and 
temperature, occurrence of skin abnormalities, chest retractions, and capillary refill 
time) of the manikin were clarified. We used an originally low-fidelity manikin 
(Newborn Anne, Laerdal Benelux, Amersfoort, the Netherlands), which had been 
equipped with various features (mechanics to enable active breathing; internal 
speakers for crying, grunting, breath, and heart sounds) and recording capabilities 
(magnetic switch to measure compression depth; pressure sensor to assess hand 
placement, compression rate, and recoil; and flow sensor to quantify tidal volumes) 
by a technical simulation expert (Tim Antonius), transforming it into a high-fidelity 
manikin. Tidal volumes, airway pressures, and chest compression characteristics had 
been calibrated beforehand to ensure reliable mechanical measurements. 
 Subsequently, the team participated in four to five NALS scenarios. Each scenario 
was run by two different nurses, the same ward clinician, and the same fellow/
neonatologist. The remaining participants (6 nurses) observed the performance in 
the adjacent briefing/debriefing room through a live audiovisual connection. Scenarios 
were controlled by a simulation operator from behind a one-way mirror. All scenarios 
lecture (CL) (primary outcomes). The adherence of each profession category (nurses, 
neonatal ward clinicians, fellows/neonatologists) and the adherence to the separate 
domains (A, B, C, D, and E) of the algorithm were also evaluated, independent of the 
study groups (secondary outcomes).  
Methods
We conducted this randomised controlled, single-blinded study in the simulation 
facility of our level III perinatal care centre (Radboud University Medical Center Amalia 
Children’s Hospital, Nijmegen, the Netherlands). Our study was approved by the 
Institutional Review Board of the Radboudumc (file number 2017-3513) and reported 
based on established guidelines for simulation-based research, which are extensions 
to the Consolidated Standards of Reporting Trials (CONSORT) statement.19 
Study participants
Nurses, nurse practitioners (NP), physician assistants (PA), paediatric residents, 
neonatal fellows, and neonatologists employed in our neonatal intensive care (NICU) 
and high care units participated. Inasmuch as NP, PA, and paediatric residents perform 
the same work on our ward, they are collectively referred to as neonatal ward 
clinicians. Participants were automatically recruited for our study, since they have to 
take part in periodic neonatal advanced life support (NALS) simulation training in our 
centre. The only exclusion criterion was refusal to give informed consent to use the 
video recordings of the simulation scenarios for research purposes. This did not 
occur; written informed consent was obtained from all participants. The eventual 
number of participants depended on the number of trainings given within the time 
frame of our study (June 12th, 2017 – January 24th, 2018) and the attendance rate of the 
healthcare professionals. 
Study design
Scheduling separate simulations for our study was not possible, because 1) they 
would interfere too much with the usual activities of our simulation centre, and 2) we 
expected that a limited number of healthcare professionals would be able to attend 
these additional, study-related simulations. Therefore, we used the simulations of 
our existing training programme. On training days, once or twice a month, the 
instruction method for that day’s team of eight nurses, one neonatal ward clinician, 
and one neonatal fellow/neonatologist was randomly allocated using sequentially 
numbered opaque sealed envelopes (SNOSE). Randomisation was performed by a 
person not involved in the study, with an allocation ratio of 1:1. The intervention group 
was trained using VBI (15 min), the control group was trained using a CL (20-30 min). 
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Otherwise, it would have been very difficult to control for differences in the use of 
these adjuncts. Each scenario was immediately followed by a non-scripted, video-
assisted, operator-led debriefing (30 min) in the debriefing room with all participants, 
including the observing nurses.5,20 Formative feedback was provided, not only on 
the ABCDE assessment, but also on other aspects, such as skill performance, clinical 
reasoning, differential diagnosis, and crew resource management principles. Debriefers 
were unaware of group assignment.
 Various patient scenarios were used (e.g. apnea, arrhythmia, sepsis, seizures, and 
metabolic derangements). Scenarios involving resuscitation at birth are also part of 
our existing training programme. The medical staff of our department considered it 
undesirable to discontinue these birthing scenarios for the duration of our study (>6 
months). Consequently, these scenarios did take place, but they were excluded from 
our study, for they require another algorithm. The scenarios were semi-structured, 
with scenario progression according to prespecified triggering events. All scenarios 
were videotaped using three high-definition cameras: one on the manikin’s side, one 
affixed to the overhead radiant warmer, and one ceiling-mounted overview camera. 
These views were combined with the vitals from the monitor into one 4-screen 
window for assessment. Each training day lasted eight hours. Participants were asked 
not to inform future participants about the contents and proceedings of the training.
 All videos were assessed several weeks later by one researcher (ML), who was 
specifically trained in video-based scoring of the ABCDE approach in NALS scenarios 
through elaborate instruction by the designers of the assessment instrument and by 
means of proof scoring videos from earlier training sessions. ML was blinded to the 
received instruction method; she was not present during the scenarios. Only primary 
ABCDE assessments were scored, not the re-assessments after interventions. 
Inasmuch as the two nurses worked closely together, their performance was combined 
and they were scored as one healthcare professional.
Data collection
Background characteristics were collected with a short questionnaire (Appendix 1). 
We could not find a suitable assessment tool to score adherence to the ABCDE 
algorithm. The assessment form developed by Drost-de Klerck et al. was also not 
compatible with our scoring procedure, for it was based on the slightly different 
ABCDE structure of the (adult) Advanced Life Support.12 Therefore, a novel assessment 
instrument with a conventional, trichotomous scoring system was designed by MB 
and MH. All 24 items of the ABCDE approach, as presented in the Dutch Advanced 
Paediatric Life Support (APLS) course manual,4 were incorporated and categorised 
under the appropriate domains (A, B, C, D, and E) (Appendix 2). Note that the Dutch 
NALS course manual was not issued yet at the time of our study. For all items, 2, 1, and 
0 points were awarded for adequate and timely performance, for incomplete or out-
started with the two nurses. This is usual practice in our simulation training. It mirrors 
clinical reality, in which a nurse instantaneously asks a colleague for help when a 
patient shows aberrant vital signs, so they perform the initial assessment together. 
When the situation deteriorated, the nurses summoned the ward clinician, who 
almost invariably called for back-up assistance by the fellow/neonatologist. Scenarios 
lasted approximately 15 min, during which all three profession categories had to 
perform a systematic ABCDE approach. The nurses performed the first ABCDE 
assessment when the newborn started to deteriorate. The ward clinician and fellow/
neonatologist performed the second and third ABCDE assessments, respectively, 
upon their arrival at the scene. During assessment, the principle of a ‘silent cockpit’ 
was applied. Notes, pocket cards, or other adjuncts were not permitted, because we 
wanted to investigate the effect of the instruction method on adherence in isolation. 
Table 1. Equipment, situation, and scenario for the simulations.
Equipment
• High-fidelity manikin
• Standard NICU equipment: endotracheal tubes, laryngoscope, Magill forceps, suction catheters, 
IV cannulas, syringes, chest drains, stethoscope, medications, parenteral solutions, simulated 
blood products
• T-piece oxygen delivery device (NeopuffTM Infant Resuscitator) and ventilator 
• Standard patient monitor
• Defibrillator with neonatal pads
• Audio equipment (intercom and phone)
• Video equipment (3 HD cameras)
Situation
• Orientation to the manikin, room, and equipment by the simulation operator
• Introduction of the patient to two nurses starting the scenario
• One ward clinician and one fellow/neonatologist standby outside the room
• Remaining participants (nurses) in an adjacent room with live stream connection
• Simulation operator a in a control room behind a one-way mirror, available via intercom
Scenario
• Two nurses start their ABCDE assessment when the neonate deteriorates
• Back-up assistance on request: ward clinician is summoned and starts ABCDE assessment
• Back-up assistance on request: fellow/neonatologist is summoned and starts ABCDE assessment
• Brief answers to questions by the simulation operator; no other cues or suggestions
• All 3 profession categories must have finished their assessment before scenario ends 
HD, high-definition; IV, intravenous; NICU, neonatal intensive care unit.
a Two simulation operators alternately supervised the scenarios. Both operators are senior consultants with 
more than 10 years of experience in neonatology and simulation-based education and research; both have 
medical education qualifications; both completed the EuSim Simulation Instructor Course. A highly experienced 
nurse specialised in neonatal simulation assisted the simulation operators on every training day.
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Results
Background characteristics, including previous experience with NALS simulation, 
were similar in both groups (Table 2). Ninety-two neonatal healthcare professionals 
participated on 10 NALS training days (Figure 1). The attendance rate of fellows/
of-sequence performance, and for inadequate and out-of-sequence performance, 
respectively. Detailed scoring instructions were formulated. Each participant could 
receive a maximum score of 48 points. Items were classified as ‘not assessable’ 
whenever participants could not finish their ABCDE approach, because they rapidly 
summoned extra help. Such a situation was strictly defined in the scoring instructions. 
The final score for individuals’ adherence to the ABCDE algorithm was expressed as a 
percentage score and calculated by dividing the number of awarded points by the 
number of points for all assessable items, multiplied by 100%. 
 Prior to the actual study, the assessment tool was tested for intra-observer 
reliability. Ten previously videotaped simulation scenarios were assessed twice by 
the same observer (ML) with an interval of two weeks to prevent recall of ratings.21 
The intraclass correlation coefficient (ICC) was 0.87 (95% CI 0.74-0.94), with an overall 
difference of 1.4% (p=0.39), which signifies an almost perfect agreement. Assessment 
of inter-observer reliability was not needed, for all videos were rated by the same 
observer (ML). Face validity was established, since consensus on the assessment 
instrument was reached among 6 experts in the fields of neonatal and paediatric life 
support. Content validity was ensured, because all items were derived from the Dutch 
APLS course manual. 
Statistical analysis
A sample size calculation was performed to estimate the number of participants 
needed to achieve a power of 80% with a statistical significance of 0.05 (two-tailed) 
for the primary outcome (between-group difference in adherence). Twenty-one 
participants per group were required for an expected realistic and clinically relevant 
difference of 50% of the percentage score in the intervention group compared to the 
control group. The standard deviation used in the sample size calculation (16%) was 
obtained by assessing 31 previously videotaped ABCDE approaches performed during 
earlier NALS simulation scenarios.
 Statistical analyses were performed using SPSS (IBM SPSS Statistics 22 for 
Windows, Armonk, NY, US) and SAS 9.4. Variables were expressed as means (SD) or 
medians (IQR), as appropriate. The unit of analysis was the ABCDE assessment of the 
individual participant. Background characteristics were analysed with the Fisher’s 
exact test, Chi-Square test, and Mann-Whitney U test. Unpaired T-tests were used to 
assess the normally distributed primary outcomes. Subanalyses were carried out for 
the three profession categories, using Analysis of Variance (ANOVA), with post-hoc 
analysis by Tukey’s test, and linear mixed model analysis. Linear mixed model analysis 
was performed to deal with correlated data, since the physicians participated in 
multiple scenarios. Differences in the performance on the domains of the ABCDE 
algorithm were determined by Mann-Whitney U tests. A p value <0.05 was considered 
statistically significant.
Table 2. Background characteristics.
Characteristic CL a VBI p value b
Number of participants, n (%) 44 28  0.358 c
     Nurses 36 (81.8) 24 (85.7)
     Paediatric residents/NP/PA 5 (11.4) 4 (14.3)
     Neonatal fellows/neonatologists 3 (6.8) 0 (0.0)
Age, median years (IQR) 44 (30.0 – 56.8) 42 (37.5 – 52.8) 0.871 d
Sex, n of women (%) 40 (90.9) 26 (92.9) 1.000
Previous participation in NALS training, n (%) 0.608
     <4 times 16 (36.4) 8 (28.6)
     ≥4 times 27 (61.4) 20 (71.4)
Participation in relevant courses, n (%) e 0.332
     Yes 21 (47.7) 10 (35.7)
     No 22 (50.0) 18 (64.3)
Experienced real-life neonatal resuscitation, n (%)  0.778
     ≤5 times 30 (68.2) 21 (75.0)
     >5 times 13 (29.5) 7 (25.0)
Working experience in paediatrics, n (%)   0.585
     ≤5 years 13 (29.5) 6 (21.4)
     >5 years 31 (70.5) 22 (78.6)
Working experience at neonatal IC or HC, n (%)  1.000
     ≤2 years 10 (22.7) 6 (21.4)
     >2 years 34 (77.3) 22 (78.6)
Working experience at paediatric IC or HC, n (%)  0.572
     ≤2 years 34 (77.3) 20 (71.4)
     >2 years 9 (20.5) 8 (28.6)
CL, conventional lecture; EPLS, European Paediatric Life Support; HC, high care; IC, intensive care; IQR, 
interquartile range; NALS, neonatal advanced life support; NLS, neonatal life support; NP, nurse practitioner; 
PA, physician assistant; PALS, paediatric advanced life support; VBI, video-based instruction.
a Some background information of one participant in this group could not be retrieved.
b Group differences were tested with the Fisher’s exact test, unless stated otherwise.
c Group difference regarding profession category was tested with the Chi-Square test.
d Group difference regarding age was tested with the Mann-Whitney U test.
e  e.g. NLS/NALS, PALS, EPLS.
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participants with 43 percentage scores. The fact that group sizes were eventually 
different in spite of a 1:1 randomisation was mainly caused by the exclusion of more 
birth scenarios in the VBI group.
 All items in all scenarios were visible/audible, there were no missing data due to 
audiovisual shortcomings. The overall mean percentage score (SD), reflecting overall 
adherence to the ABCDE algorithm, was 31.5% (19.0). The VBI group showed better 
adherence than the CL group, with mean percentage scores (SD) of 38.8% (18.7) and 
27.8% (18.2), respectively (p=0.026) (Table 3). This difference remained significant when, 
in addition to the 1 resident and 2 PA participating for the second time, the potentially 
biased team members of these scenarios were also left out from analysis (data not 
shown). Subgroup analysis showed that the adherence of nurses and ward clinicians 
was better in the VBI group compared to the CL group, with a significant difference in 
percentage scores between the ward clinicians of the two groups (49.2% (17.3) vs. 
33.3% (16.3), respectively) (p=0.031) (Figure 2, Table 3). Comparison of the performance 
of fellows/neonatologists was impossible, since the VBI group did not include fellows/
neonatologists. A difference in performance among the profession categories was 
found (p=0.013), with a significantly better adherence in ward clinicians compared to 
the nurses, both in the VBI group (p=0.013), the CL group (p=0.039), and independent 
of the study groups (p=0.010) (Figure 2). Participants’ adherence to the domains of the 
ABCDE algorithm is presented in Table 4. The VBI group scored higher than the CL 
group on all domains, with a significant difference in domains B and C. Analysis of 
background characteristics as possible confounding factors could not be reliably 
interpreted due to lack of power.
neonatologists was unfortunately limited due to their clinical obligations. Fourteen 
of the 46 scenarios involved resuscitation at birth; these were excluded. Thirty-two 
scenarios, in which 75 neonatal healthcare professionals participated, were assessed, 
resulting in 103 percentage scores. One resident and two PA participated on two 
separate days during the study period; their last participation (2 in the VBI group, 1 in 
the CL group) was excluded. As said, the two nurses of each scenario were assessed 
as one provider. Eventually, 65 percentage scores were available for analysis. The VBI 
group consisted of 28 participants with 22 percentage scores, the CL group of 44 
Figure 1.  Flowchart of participant inclusion.
NALS, neonatal advanced life support; NP, nurse practitioner; PA, physician assistant.
Table 3. Adherence to the ABCDE algorithm.
Profession category Percentage score a
Overall CL VBI p value
n Mean score 
(%) (SD)
n Mean score 
(%) (SD)
n Mean score 
(%) (SD)
Nurses 30 25.0 (15.2) 18 21.5 (14.4) 12 30.1 (15.6) 0.135
Residents/NP/PA 24 39.9 (18.2) 14 33.3 (16.3) 10 49.2  (17.3) 0.031
Fellows/
neonatologists
11 31.1 (23.8) 11 31.1 (23.8) 0 - -
All combined 65 31.5 (19.0) 43 27.8 (18.2) 22 38.8 (18.7) 0.026
CL, conventional lecture; NP, nurse practitioner; PA, physician assistant; VBI, video-based instruction. 
a Analyses are based on the number of percentage scores. Adherence to the ABCDE algorithm was analysed 
with the unpaired T-test, since the data were normally distributed.
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Discussion
We evaluated the adherence of neonatal healthcare professionals to the ABCDE 
approach during simulated NALS scenarios. We found that overall adherence was 
quite low: participants adhered to less than a third of the ABCDE algorithm. Adherence 
was significantly better – both overall and regarding the individual domains of the 
algorithm – when the ABCDE approach was taught with video-based instruction (VBI) 
instead of a conventional lecture (CL). Ward clinicians demonstrated better adherence 
than nurses, irrespective of the instruction method. 
 We found only one study that evaluated the performance of the ABCDE approach 
in clinical practice.5 In an emergency department setting, Olgers et al. showed that, 
when used, the ABCDE approach was done highly complete (mean performance of 
83.5% of needed items) with a median duration of 7 min. This outcome seems to 
contrast the rather low adherence in our study. However, in the study by Olgers et al., 
participants (all physicians) could choose to be observed, which may have caused bias 
as well as the Hawthorne effect (i.e. improved performance due to the awareness of 
being observed). Also, their participants had completed a two-day course on the 
ABCDE approach prior to the study. In our case, all participants (including non-
physicians) of an existing training programme were observed, they were less aware of 
being specifically observed for the ABCDE approach, and they received an instruction 
of merely 15-30 minutes. Furthermore, we think that 7 min is rather long to complete 
an ABCDE assessment. Based on the most completely performed ABCDE approaches 
in our study, our impression is that the approach can be accomplished in 2-3 min. In 
addition, the authors did not provide information on the reliability and validity of 
their assessment tool, nor did they provide scoring instructions, which makes it 
difficult to interpret their results. A remarkable finding in their study was that the 
ABCDE approach was not used in 67% of (potentially) unstable patients. 
 The difference in adherence between VBI and CL can be attributed to various 
factors. First, observational learning (i.e. an instructional video) increases self-efficacy, 
raising the probability that providers will use their knowledge and skills in an 
emergency situation.22 Second, our instructional video may have led to better 
adherence, because all items, domains, and key messages regarding the use of the 
ABCDE algorithm were repeated several times in the video, and repetition is a 
generally accepted learning principle. Third, the demonstrations in our video were 
performed by peers. Since peers are ‘models’ that are demographically and 
psychosocially similar to the learners, their instructions will likely conduce to more 
effective learning.22 At last, it is generally believed that transfer of knowledge and 
skills is enhanced when supported with audiovisual means.
 Besides improving the adherence to the ABCDE algorithm, VBI can have additional 
benefits compared to other instructional methods, such as lectures and live 
Figure 2.  Percentage scores per profession category in both groups.
NP, nurse practitioner; PA, physician assistant.
Boxes represent interquartile ranges (IQR), solid horizontal lines represent medians, and whiskers represent ranges.
Table 4. Adherence to the domains of the ABCDE algorithm.
















ABCDE 48 (100) 31.3 (14.6-49.0) 25.0 (12.5-43.8) 40.6 (24.5-53.1) 0.025
A: Airway 2 (100) 100.0 (50.0-100.0) 50.0 (0.00-100.0) 100.0 (50.0-100.0) 0.135
B: Breathing 20 (100) 35.0 (15.0-55.0) 25.0 (15.0-50.0) 47.5 (25.0-60.6) 0.023
C: Circulation 12 (100) 33.3 (16.7-62.5) 25.0 (8.30-50.0) 50.0 (33.3-66.7) 0.007
D: Disability 10 (100) 10.0 (0.00-20.0) 0.00 (0.00-10.0) 15.0 (0.00-20.0) 0.215
E: Exposure 4 (100) 0.00 (0.00-50.0) 0.00 (0.00-50.0) 25.0 (0.00-50.0) 0.114
CL, conventional lecture; VBI, video-based instruction.
a  Analyses are based on the number of percentage scores.
b  Analysed using a non-parametric test (Mann-Whitney U) and displayed in median (IQR) due to the non- 
normal distribution of the percentage scores within the domains.
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adherence to the ABCDE approach in the clinical situation will be attempted by our 
research group in the near future. This will be challenging, because a well-trained 
observer has to be constantly available to assess a professional ad hoc whenever he/
she is confronted with a real patient that suddenly becomes vitally unstable.
 The ABCDE approach is well-known and widely used. Still, its reputation is not 
completely flawless. Some shortcomings of this approach have to be acknowledged. 
When one carefully compares the components of the ABCDE algorithms described in 
the manuals of the various types of life support, it becomes apparent that the ABCDE 
approach is not really universal. There are several subtle differences among the 
ABCDE evaluations of the APLS, European Paediatric Advanced Life Support, Advanced 
Life Support, Advanced Trauma Life Support, et cetera. One of our future goals is to 
investigate whether it is useful and achievable to create a truly universal ABCDE 
algorithm, which might facilitate professionals in treating patients who would 
normally be ‘out of their comfort zone’. Furthermore, the ABCDE approach is not 
universally accepted. We learned that some colleagues consider it too elaborate and 
rigid, while others think it misses important clinical information (unpublished data). 
The approach also lacks a firm evidence base in terms of effectiveness and benefit for 
patient outcomes.12 On the other hand, a structured approach, such as the ABCDE 
algorithm, helps healthcare professionals to focus on the most life-threatening 
problems and guides initial treatment choices.12 It also ensures that resuscitation 
team members ‘speak the same language’. In other words, the ABCDE approach can be 
seen as the ‘lingua franca’ of emergency medicine. We admit that deviations from this 
algorithm may be needed in certain circumstances. Nonetheless, the ABCDE algorithm 
is the prevailing, expert-based approach to critically ill patients. It seems prudent to 
abide by this algorithm as much as possible, as stated in the international guidelines. 
 The main strengths of this study were the randomisation of participants to 
prevent selection bias, blinding of the video assessor to the intervention, and the fact 
that the participants were not fully aware of the specific aim of this study, since they 
gave informed consent for research purposes in general. We used an assessment tool 
with face and content validity and high intra-observer reliability, substantiating the 
validity and reliability of our results. We reached sufficient power for our primary 
outcome. The conclusion that VBI is superior to CL in terms of adherence to the ABCDE 
algorithm was not only corroborated by the overall between-group difference, but 
also by the results on the individual domains.
 The use of an existing training programme was associated with some limitations. 
The two nurses were assessed as one despite possibly different background charac-
teristics. The training sessions took place during regular day shifts. As a result, 
fellows/neonatologists were sometimes unable to attend the simulations, since 
urgent matters demanded their presence on the ward. This explained the limited 
inclusion of these healthcare professionals and precluded conclusions about their 
instructor-led demonstrations. VBI can be more cost-effective, for expensive 
instructors can be partially replaced by an instructional video. It can also be less 
time-consuming, because videos can be watched by the participants at any moment, 
even prior to the actual course. Moreover, VBI can be standardised and always shows 
a perfect demonstration, in contrast to a live demonstration.
 The reason for choosing the individual participant as the unit of analysis, instead 
of focusing on team performance, was threefold: 1) In actual practice – especially on 
clinical wards – the ABCDE approach is often not performed in a fixed team, that is 
fully present at the moment a patient starts to deteriorate. Instead, a more dynamic 
process is usually involved, in which a team gradually assembles as additional 
professionals are summoned to the scene for extra support. This sequential process 
requires consecutive ABCDE assessments, also because the patient’s condition and 
team leadership may change over time. Therefore, it seemed most appropriate to 
study the consecutive assessments of the individual providers to match the clinical 
situation. Parenthetically, one may incorrectly infer from our study that all team 
members have to perform an ABCDE approach. This is, of course, not true, but only 
appeared to be so due to the small size of the teams in our study. Also, even though 
the assessment focused on the professional who was responsible for the ABCDE 
evaluation at a specific moment during the scenario, this person could certainly be 
informed about relevant patient characteristics by his/her team members; 2) From an 
educational point of view, we considered it beneficial for the learning process to 
repeat the ABCDE assessment several times during the training sessions; 3) From a 
statistical perspective, choosing the team as the unit of analysis would have been 
troublesome. For one thing, it would have been very difficult to define and compare 
the background characteristics of the various teams.     
 This study was performed in a simulation environment. We nevertheless believe 
that our results can be generalised to the clinical setting. After all, we used a 
high-fidelity manikin, a room with high environmental fidelity, and realistic scenarios 
with clinically relevant neonatal morbidities evolving in a physiologically accurate 
manner. The interactions among and emotions of the participants closely resembled 
the clinical situation. The fact that we used a variety of semi-structured scenarios 
favours transferability of our findings to the clinical context. Our assessment 
instrument is also suitable for clinical patients. Although mean adherence in the VBI 
group was ‘only’ 38.8%, the difference of 11% compared to the CL group may be 
clinically relevant. A mean improvement of 11% equals an increase of 5 points on the 
assessment tool, which implies 3-5 additionally performed items (out of a total of 24 
items). In clinical practice, these additionally performed items may very well lead to 
a better assessment of the patient. VBI should therefore be regarded as superior to 
conventional lecturing for teaching the ABCDE approach. Our suggestion would be to 
incorporate VBI in the educational arsenal of resuscitation courses. Evaluation of 
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adherence. It was not possible to compare both groups at baseline regarding their 
adherence to the ABCDE algorithm. However, considering their similar background 
characteristics, the two groups were probably not importantly divergent in this 
regard. Inasmuch as physicians participated in multiple scenarios, they may have 
benefitted from a learning curve. This learning curve did probably not affect the 
between-group difference in adherence, because, if it occurred, it did so in both 
groups. However, it may have influenced the comparison between nurses and 
physicians, because nurses only performed one scenario and could therefore not 
benefit from a learning curve. We tried to correct for this learning curve in our mixed 
model analysis by only including the first scenarios of the day. However, these results 
could not be reliably interpreted, because the study was underpowered for such a 
subanalysis. 
 We highly recommend further studies into this subject matter. As said, some 
follow-up studies are already planned by our research group. Additional research is 
needed to find out which (bundle of) interventions, other than VBI, can be employed 
to further improve adherence to the ABCDE approach. Possible interventions include: 
alternative learning strategies, self-efficacy training, video review sessions, use of 
pocket cards, decision support tools, and/or augmented reality devices.6 By 
conducting more research on the ABCDE approach, this algorithm may become 
evidence-based instead of consensus-based.
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Appendix 2.





Airway patency ‘Look-listen-feel’  
or other adequate 
evaluation
Yes / No 0 1 2
BREATHING (B)
Effort of breathing Groaning Yes / No 0 1 2
Nasal flaring Yes / No 0 1 2
Retractions Yes / No 0 1 2
Abnormal breath sounds Yes / No 0 1 2
Accessory muscle use Yes / No 0 1 2
Respiratory rate Yes / No 0 1 2
Efficiency of breathing Chest auscultation Yes / No 0 1 2
Oxygen saturation Yes / No 0 1 2
Symmetric chest rise Yes / No 0 1 2
Effect on other organs Colour Yes / No 0 1 2
CIRCULATION (C)
Circulation assessment Heart rate Yes / No 0 1 2
Blood pressure Yes / No 0 1 2
Capillary refill time Yes / No 0 1 2
Pulsations Yes / No 0 1 2
Effect on other organs Peripheral temperature Yes / No 0 1 2
Urinary output Yes / No 0 1 2
DISABILITY (D)
Neurological evaluation AVPU-score Yes / No 0 1 2
Pupils Yes / No 0 1 2
Tone Yes / No 0 1 2
Seizures Yes / No 0 1 2
Glucose Yes / No 0 1 2
EXPOSURE (E) 
Temperature and skin Body temperature Yes / No 0 1 2





Scenario (clinical problem) 
Scenario number 1 2 3 4 5





Previous participation in 
NALS training
1x 2x 3x ≥ 4x
Previous participation in relevant 
courses
NLS/ NALS APLS EPLS Other……
Experienced real-life 
neonatal resuscitations
0 1-2 3-5 6-9 ≥ 10
Working experience in paediatrics 1-2 years 3-5 years 6-9 years ≥ 10 years
Working experience at 
neonatal IC or HC 
≤ 1 month 2 – 4 months 5 months 
– 2 years 
> 2 years
Working experience at paediatric 
IC or HC
≤ 1 month 2 – 4 months 5 months 
– 2 years
> 2 years
Additional relevant working 
experience or training
Study group Lecture Video-based instruction
NP, nurse practitioner; PA, physician assistant; NALS, neonatal advanced life support; NLS, neonatal life 
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5.  Items are labelled as ‘not assessable’ when providers are not able to assess 
items, because they consider the situation too urgent to continue the ABCDE 
approach. For example, if the nurse thinks that immediate back-up assistance of 
a resident is necessary in case of an obstructed airway or absence of spontaneous 
breathing, he/she may summon the resident first instead of continuing with the 
C, D, and E. The provider must clearly state that priority is given to extra help 
when he/she decides not to finish the ABCDE approach first. In the interval 
between the call and arrival of the resident, the nurse should continue the ABCDE 
assessment. If this time interval is not used for the ABCDE assessment, the nurse 
scores 0 points for all remaining items. If the nurse continues the ABCDE 
assessment, but he/she can only evaluate a few items before the resident arrives, 
those items are ‘assessable’, and the remaining items are ‘not assessable’, unless 
the resident allows the nurse to finish his/her ABCDE assessment. If two nurses 
start the scenario, one of them should continue the ABCDE assessment, while the 
other calls for help. These principles also apply to the call for back-up assistance 
of the fellow or neonatologist made by the resident.
6.  Scoring of the provider(s) starting the scenario begins once the condition of the 
patient changes. So, when the nurse routinely inquires about certain parameters, 
while the patient is still stable, this is not scored yet. Also, remarks concerning 
the ‘presenting symptom(s)’ (e.g. ‘I notice that our patient becomes pale and 
starts to groan’) are not part of the formal ABCDE assessment, which usually 
starts thereafter. These remarks should not be scored (as out of sequence).   
7.  All items have to be assessed aloud by the providers, otherwise 0 points are allocated.
8.  During the ABCDE assessment, the principle of a ‘silent cockpit’ should be applied.
9.  Participants are not allowed to assume findings (e.g. “I think the colour is normal”). 
This should be asked explicitly. Otherwise, 0 points will be awarded.
10.  Providers who are called for back-up assistance (i.e. residents, fellows/
neonatologists) should perform a complete ABCDE assessment upon arrival, even 
if they were just acquainted with the patient’s status by their colleague.
11.  The provider who is being assessed is responsible for a complete and systematic 
ABCDE approach. When team members assess items, the provider is not awarded 
with points, unless he/she (a) explicitly asked those team members to do so, (b) 
repeats the items aloud, or (c) takes account of these items in another obvious 
way. 
12.  For items with a numerical value (i.e. respiratory rate, oxygen saturation, heart 
rate, blood pressure, capillary refill time, urinary output, glucose, and body 
temperature), an ‘interpretation’ of the value is considered correct (e.g. the infant 
is tachypnoeic, hypotensive, or hypoglycaemic). 
13.  In line with clinical practice and in consideration of the user-friendliness of our 
assessment tool, we decided not to score certain effects on other organs under 
RESULT
Score Points
Maximum achievable score 1 Points
Percentage score 2 %
AVPU, alert, verbal, pain, unresponsive.
1 Maximum achievable score is the sum of all assessable items.
2 Percentage score is the score, divided by the max. achievable score, multiplied by 100%.
Scoring instructions
General statements
1. This tool is based on the Dutch Advanced Paediatric Life Support manual, and 
was designed to assess the adherence of individual providers to the ABCDE 
algorithm during (simulated) newborn (and paediatric) advanced life support 
scenarios. 
2. Score 0 = neither fully correct nor assessed at the right moment.
 Score 1 = partly correct or correct, but not assessed at the right moment.
 Score 2 = fully correct and assessed at the right moment.
  With regard to the right moment: as long as the provider maintains the sequence 
of the ABCDE approach, 2 points are awarded for correctly performed items. 
Within one domain, the sequence of the items does not matter. If a domain is 
skipped, a maximum of 1 point can be scored for all remaining items. When a 
provider initially skips an item, moves on to the next domain, but assesses that 
item correctly at a later moment, 1 point is allocated for that item. After such a 
short ‘redemptive flashback’, 2 points can be scored for remaining items.
3.  Although this tool can be used to score the initial assessment and re-assessments 
following interventions, only the initial assessment was scored in our study. 
When the initial assessment is interrupted for an urgent intervention (e.g. airway 
opening manoeuvre, starting oxygen, fluid or glucose bolus), but adequately 
continued afterwards, the provider can obtain the maximum score (2 points) for 
the remaining items.
4.  In the simulation setting, operators should not change vital parameters when the 
provider performs the ABCDE approach for practical reasons. If vitals do change, 
the provider has to re-assess from the A. In that case, scores for already assessed 
items are not changed, and items that were initially not assessed, but evaluated 
during the re-assessment are awarded with a maximum of 1 point. From the point 
where the provider interrupted the initial assessment, a maximum of 2 points can 
be scored again. Penalty points should be considered if a provider fails to 
re-assess, but this situation did not occur in our study, since we kept vitals stable 
during the initial assessment. 
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12.  Pupils: size and light reactivity must be assessed for both eyes to obtain 2 points.
13.  Tone: e.g. decerebration, decortication, opisthotonus, abnormal posture, hyper- 
or hypotonia.
14.  Skin abnormalities: e.g. petechiae, hematoma, wounds, oedema, or abnormal 
abdominal appearance.
the corresponding subdomains, because these effects are already represented as 
items elsewhere in the algorithm. That is, heart rate and level of consciousness 
should also be assessed as effects on other organs in domain B. However, these 
items are already part of domain C and D, respectively. In addition, respiratory 
rate and level of consciousness should be evaluated as effects on other organs 
in domain C, but these items are also assessed in domain B and D, respectively. 
If a provider nonetheless chooses to mention these items as effects on other 
organs, this is, of course, not considered to be out of sequence.  
Instructions for specific items 
1.  Airway patency: the provider has to describe the airway (i.e. open, partially 
obstructed, obstructed, secured), including the findings on which his/her 
conclusion is based (e.g. the infant cries, is intubated, or has a stridor). Without 
the latter corroboration, a maximum of 1 point is awarded. 
2.  Abnormal breath sounds: sounds perceivable without the use of a stethoscope, 
such as a stridor or wheezing. Note: if ‘stridor’ is already mentioned in describing 
the airway, then points may automatically be awarded for this item as well. 
3.  Retractions: subcostal, intercostal, and/or supraclavicular/suprasternal.
4.  Use of accessory muscles of respiration: use of the sternocleidomastoid muscle 
or head bobbing.
5.  Chest auscultation: assessment of air entry on both sides of the thorax.
6.  Chest rise: providers should ask/look for symmetrical chest excursions. If not, 
a maximum of 1 point is allocated.
7.  Capillary refill time: fully correct if performed on sternum, partly correct if 
performed elsewhere.
8.  Pulsations: fully correct when the central (and peripheral) pulsations are 
assessed, partly correct if only the peripheral pulsations are assessed. Central 
pulsations in a newborn can be felt at the bracchial artery and/or the femoral 
artery. It is allowed to assess the pulsations unilaterally.
9.  Peripheral temperature: officially the difference between central and peripheral 
temperature. However, assessment of the temperature of both hands and feet 
(e.g. warm, tepid, or cold) is also fully correct. A maximum of 1 point is awarded, if 
the provider only assesses the temperature of the hands or feet, or asks for the 
‘temperature of the extremities’ without specification.
10.  Urinary output: produced in the last hours/shift/day. A question like ‘When was 
the last time that this infant urinated?’ is fully correct as well.
11.  AVPU-score: if the patient does not respond when spoken to or touched, a pain 
stimulus must be administered to determine the AVPU-score. If not performed 
a maximum of 1 point is awarded.
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Introduction
Given the rarity of neonatal and paediatric resuscitations and developments such as 
restricted duty hours and subspecialisation, many residents and paediatricians are 
insufficiently exposed to real-life resuscitations to maintain their knowledge and 
skills regarding basic and advanced life support.1,2 To ensure adequate acquisition 
and retention of resuscitative skills, simulation-based training (SBT) is often 
employed. It is recommended to participate in such training every 3-6 months.1,3-6 
There is evidence that resuscitation performance in the simulation environment 
correlates with resuscitation competency in the clinical setting, and that life support 
training improves patient outcomes.7,8
 The European Resuscitation Council (ERC) issues guidelines for neonatal life 
support (NLS), paediatric basic life support (PBLS), and paediatric advanced life 
support (PALS), including recommendations for the education and implementation of 
these guidelines.6,9,10 The information contained in these guidelines is meant to be 
conveyed to the end users by certified instructors during well-designed resuscitation 
courses and regular local booster sessions. It is not completely clear to what extent 
this endeavour is realised in various European countries. Neonatal and paediatric life 
support training varies considerably among hospitals, institutions, and countries.2,3,11,12 
We encountered only two large survey studies on cardiopulmonary resuscitation 
(CPR) training in the literature.11,12 One of these pertained to paediatric resuscitation.12 
Both are not recent and describe the situation from the organisational perspective, 
detailing about how training is or should be offered. In contrast, we wanted to know 
how neonatal and paediatric resuscitation training is implemented and utilised in 
actual practice. 
 We therefore conducted this survey among paediatric residents, general 
paediatricians, and paediatric subspecialists (paediatricians with a subspecialty, e.g. 
paediatric cardiologists, pulmonologists, nephrologists) working in diverse hospitals 
throughout Europe, to become informed about the reality of life support training from 
the end users’ point of view. This information may be valuable for resuscitation 
councils to further optimise resuscitation training for paediatric professionals.  
Methods
In order to describe the methodology of our online survey with sufficient detail, we 
reported our study according to the recommendations provided in the Checklist for 
Reporting Results of Internet E-Surveys (CHERRIES) statement.13
Abstract 
Aim
To evaluate neonatal and paediatric life support training practices across Europe.
Methods
We conducted a descriptive study. Paediatric residents, general paediatricians, and 
subspecialists were surveyed to assess how paediatric basic and advanced life 
support (PBLS/PALS) and neonatal life support (NLS) are practically arranged and 
utilised throughout Europe. A mini-Delphi approach was used for survey development. 
Eligible professionals in general and university hospitals received a web link to the 
survey. 
Results
498 respondents from 16 countries were included. A large majority of responses came 
from the Netherlands (n=393) and Belgium (n=42). Therefore, analysis was based on 
these responses. PBLS was more frequently offered than PALS and NLS, though not to 
all professionals caring for children. For PBLS, PALS, and NLS, official recertification 
varied between 35-75%. Approximately 80-90% had read the latest guidelines, at least 
partially. Sixty to seventy percent felt capable of instant PALS, 75-90% considered 
themselves able to perform PBLS and NLS instantly. Not reading the guidelines and 
less confidence about instant resuscitation seemed to occur more often in the lower 
and higher age/experience groups compared to the intermediate age/experience 
groups. A quarter of the respondents <30 years did not feel prepared for instant PALS. 
General paediatricians appeared to feel most capable of instant resuscitation. 
General and university hospitals had rather similar training practices and facilities. 
Manikins were predominantly low-fidelity, especially in general hospitals. Barriers to 
course participation were high costs, lack of time, the non-compulsory status, remote 
location, and unavailability of courses.
Conclusion
Although most paediatric professionals receive life support training, guideline 
reading, recertification, training utilisation, and resuscitation preparedness require 
improvement. Barriers to course participation should be addressed.
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survey’. Considering the confidentiality of certain items, we wanted to guarantee the 
anonymity of our respondents. In this way, we hoped that respondents felt free to 
give honest responses. SurveyMonkey removed all identifiable information (including 
the IP address) from the returned surveys. No personal data were stored. We were 
only informed about the nationality of our respondents. Although cookies were used, 
duplicate entries by the same person could theoretically occur, considering the 
browser-specific nature of the cookies.
Participant recruitment
We endeavoured to include a broad range of participants and therefore invited 
general paediatricians, paediatric residents, and subspecialists from both general 
and university hospitals in countries with different socio-economic circumstances 
across Europe. We were not able to obtain a suitable database of paediatric 
professionals. This was mainly due to the confidentiality of personal data held by 
various councils and organisations, and because the composition of existing 
databases did not befit our study purposes. Consequently, we constructed our own 
database. Using phone numbers and email addresses found on the Internet, we 
contacted the paediatric departments of 162 hospitals in 14 different European 
countries. For each hospital, we identified a contact person, to whom we could send 
the web link, with the request to forward it to all general paediatricians, residents, 
and subspecialists at their own department and in affiliated hospitals. In addition, we 
used our contacts (9 paediatricians/neonatologists from 8 different countries) within 
the Screening to improve Health In Preterm InfantS in Europe (SHIPS) network and 
(1 Dutch representative of) the Young European Association of Paediatrics (EAP) to 
forward our survey to as many paediatric colleagues as possible. The study population 
thus constituted a convenience sample. Participation was voluntary, no incentives 
were offered to the respondents for completing the survey. 
 The first email containing the web link was sent in January 2018. A first and second 
reminder were sent in March and April, 2018, respectively. The deadline for response 
was June 1st, 2018. In the Netherlands, 36 general and 8 university hospitals were 
addressed; in Belgium 22 and 4, respectively. In the other countries, the ratio of 
general and university hospitals varied and was mainly dependent on the availability 
of usable email addresses on the Internet. 
Data analysis
SurveyMonkey collected all responses and generated response percentages and bar 
charts for all items. For further analysis, we exported all data to Microsoft Excel 
(version 2007, Microsoft, Redmond, WA, USA). All questionnaires were included in the 
analysis, irrespective of completeness. Questionnaires were not excluded based on 
particular timestamps.13 Considering the type of data and the inherent occurrence of 
Survey development 
A multicentre, multidisciplinary, mini-Delphi approach was used to develop our 
survey. The first draft was created by MB and ML. Items mainly covered the following 
aspects of neonatal and paediatric life support training: availability, (barriers to) 
utilisation, compulsory status, design, contents, participants, duration, amount of 
hands-on practice, equipment and facilities, guideline reading, knowledge assessment, 
recertification, effects of training on resuscitation preparedness, and ideas about 
optimal training intervals. The survey consisted of five parts. In the first part, 
background characteristics were inventoried. The remaining four parts contained 
items on PBLS, PALS, NLS, and general aspects of training. We used the acronym PALS 
as an umbrella term to refer to all courses and training modalities in which advanced 
life support for children is taught. A few items were derived from the aforementioned 
surveys and from the 2015 ERC guideline.6,11,12 
 The preliminary survey was sent to the mini-Delphi panel, composed of 1 Belgian 
and 7 Dutch experts in neonatal and paediatric resuscitation (training), and 2 experts 
in medical education and test development. All were requested to comment on the 
survey’s structure and contents. Items had to be highlighted in green, orange, or red 
when they were considered relevant, possibly relevant, or irrelevant, respectively. The 
sequence and phrasing of the items could be adjusted and additional items could be 
suggested. MB, IvdA, ML, and MH amended the survey according to the provided 
feedback. The final survey consisted of 13 pages with a total of 52 items, divided over 
the subheadings Background information, PBLS, PALS, NLS, and General items, and 
was approved by the mini-Delphi panel (a copy of the survey can be obtained on 
request). The survey was written in English for all countries. In the introduction 
section at the beginning of the survey, the investigators were introduced, the study 
aims were mentioned, statements regarding the (anonymous) handling of the data 
were made, and an estimate of the time needed to complete the survey (~10 min.) was 
given. Items were offered in a fixed order. There were no mandatory items. Some 
items could be skipped in case they were ‘not applicable’, which could affect the 
duration and completeness of the survey. Respondents were able to review and 
change their answers by using the ‘Back’ button. A completeness check was not 
possible. 
 Prior to survey dissemination, feasibility testing was performed by MB, ML, and 
MH. We thereby ensured the usability and technical functionality of our survey.
Survey distribution and collection
We used SurveyMonkey (© 1999-2018, San Mateo, CA 94403, USA) to distribute our 
survey. Since our survey was not sent to known addressees, but forwarded to as many 
residents and paediatricians as possible, a web link was created for dissemination. 
Inasmuch as the questionnaire was only accessible with this link, it was a ‘closed 
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missing data in such a large-scale survey, we only used descriptive statistics to report 
our results. In keeping with this, it should be emphasised that statements about how 
the results of a particular group of respondents related to another are purely meant 
to highlight some noticeable findings across certain subgroups. These statements 
solely describe numerical trends and are not based on established statistical 
differences. 
 Our anonymous survey was given an exempt determination by the Institutional 
Review Board of the Radboudumc (file number 2020-7108), since human subjects were 
not exposed to medical interventions. Respondents automatically consented to 
participate by returning their completed surveys.
Results
We included 498 respondents. The response rate could not be determined, since the 
total number of survey recipients was unknown. The completeness rate of the 
returned surveys was 79%.13 Data were incomplete/missing, because respondents 
 unintentionally skipped items, they rightfully skipped items that were ‘not applicable’ 
to them, or they did not complete the entire survey. The average time spent on the 
survey was 7 minutes. 
 The number and background characteristics of the respondents from the 
Netherlands, Belgium, and the other countries are presented in Table 1. In spite of our 
recruitment efforts, the number of respondents from the other countries was very 
small. Their responses to the items on PBLS, PALS, and NLS are still presented for 
completeness (Appendix 1). However, as the results from the other countries probably 
lacked representativeness, we decided to focus exclusively on the more representative 
responses from the Netherlands and Belgium in describing our results, also for the 
general items. 
 Responses to the items on PBLS, PALS, and NLS are shown in Table 2a and 2b for 
the Netherlands and Belgium, respectively. For conciseness, a few straightforward 
items on verifiable course contents (i.e. more or less factual information about the 
course programme) were left out from analysis. A minority of the hospitals offered 
PBLS to all professionals caring for children (including nurses, medical interns, 
paediatric surgeons, physical therapists, etc.). PBLS was apparently more often 
offered than PALS and NLS. The recertification rate varied between ~35-75% for the 
three types of training. Most respondents (~80-90%) had read the latest PBLS, PALS, 
and NLS guidelines, at least partially. Approximately 75-90% considered themselves 
capable of performing PBLS and NLS instantly; this percentage was ~60-70% for PALS. 
Low-fidelity manikins were purportedly more often used than high-fidelity ones. 
Table 1. Background characteristics. 
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 Of the certified and local instructors, 10% and 20%, 10% and 24%, and 13% and 
13% indicated that they did not completely read the latest PBLS, PALS, and NLS 
guidelines, respectively. Eight and sixteen percent of the certified and local instructors 
did not feel fully capable of instant PALS, respectively. Most responses of participants 
employed at general hospitals appeared to be similar to the responses of participants 
working in university hospitals, with two exceptions. First, the sense of preparedness 
for PALS: 74% and 56% of the respondents from general and university hospitals felt 
prepared for PALS, respectively. Second, the type of manikin used: general hospitals 
inclined towards the use of low-fidelity manikins (43% basic, 7% advanced, 17% both, 
33% neither/‘don’t know’), while university hospitals inclined towards the use of both 
low-fidelity and high-fidelity manikins (24% basic, 9% advanced, 24% both, 43% 
neither/‘don’t know’). General paediatricians apparently felt more capable of 
performing instant PBLS, PALS, and NLS than residents and subspecialists. 
 In the lower (<30 years/<1-2 years of experience) and higher (≥50 years/>20 years 
of experience) age/experience groups, less respondents seemed to have read the 
latest PBLS and PALS guidelines compared to the intermediate age/experience 
groups. Guideline reading was especially poor in the highest age group: ~30% did not 
Table 1. Continued. 
























1  Austria (10), Croatia (3), Denmark (3), Estonia (5), Germany (14), Hungary (1), Ireland (1), Italy (1), Latvia (1), 
Poland (12), Romania (2), Sweden (1), Switzerland (2), UK (1), Unknown (6).
2  Relatively high number of residents – presumably the ones with 1-5 years of experience – in ‘other countries’ 
probably reflects mediation of Young EAP in participant recruitment.
3  Including residency for paediatricians/subspecialists. 
4  For conciseness, some answer options were grouped together.
5  Larger representation of university hospitals in Belgium and ‘other countries’, probably because these 
hospitals were easier to contact.
6  Both general and university hospital (3), general hospital with neonatal intensive care unit (1), research 
facility (1).
7  Both general and university hospital (1).
8 Institute (1), ambulatory care facility (1).










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Chapter 10 Training practices in neonatal and paediatric life support: a survey 
read the PBLS, PALS, and/or NLS guidelines. The highest percentage of professionals 
not feeling fully confident about instant PBLS and PALS was reported among 
respondents <30 years of age with <1-2 years of experience; about a quarter of them 
did not feel prepared for instant PALS. In all age/experience groups, less than 14% of 
the respondents indicated to feel unprepared for NLS. Training in non-technical skills 
occurred, on average, more often with increasing age. Male and female respondents 
reported that they felt able to perform instant PBLS, PALS, and NLS in 76% and 72%, 
59% and 54%, and 73% and 63%, respectively. 
 Approximately two-thirds of the Dutch and half of the Belgian respondents 
answered that they have a simulation facility available (Table 3). General and university 
hospitals were seemingly comparable regarding the availability of a simulation 
facility. The majority of the respondents indicated that they debrief after (simulated) 
Table 3. Responses (n=498) to general items.























































































































Course site too far away































































CRM, crew resource management. 
1  Austria (10), Croatia (3), Denmark (3), Estonia (5), Germany (14), Hungary (1), Ireland (1), Italy (1), Latvia (1), 
Poland (12), Romania (2), Sweden (1), Switzerland (2), UK (1), Unknown (6).
2  Multiple responses per participant possible; total number of responses not known and percentages not 
computable. 
3   No training in non-technical skills (13), invalid response (4), don’t know (1).
4  Regular participation in local/in-hospital/on site resuscitation training (9), course duration (4), fear for the 
final assessment (1), the fact that it is not offered to all staff members (1), logistic difficulties (2); six ‘other’ 
responses were invalid. 
5  PALS every 3 years, NLS every year (1), regular on site training (2), interval depends on profession, respon-
sibilities, and clinical exposure (7), a national/certified course every 2-5 years, complemented with local 
training weekly to every 6 months (15).
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aforementioned surveys on CPR training reported information based on the responses 
of experts, trainers, and organisations,11,12 we focused on the practical realisation of 
resuscitation training as experienced by participants. Furthermore, the results of the 
most relevant survey were mainly obtained on a different continent, where guidelines, 
socio-economic circumstances, and logistic challenges are importantly different 
compared to Europe.12 Nonetheless, according to this latter survey, CPR training was 
offered to paediatric residents in only 26.6% of all countries. This seemed to contrast 
our findings, since 76%, 67%, and 69% of the residents in our survey received PBLS, 
PALS, and NLS training, respectively. The other large survey, evaluating (adult) CPR 
training in Europe, showed that physicians received BLS and/or ALS training in 76% of 
the surveyed hospitals.11 Our respondents indicated that 88%, 78%, and 80% of the 
hospitals offered PBLS, PALS, and NLS, respectively. In the survey by Garcia-Barbero 
et al.,11 hours spent on theoretical tuition and practical training were comparable, 
whereas we found that the majority of time during PALS and NLS training was devoted 
to practical, hands-on training.    
 Several respondents declared themselves not completely capable of performing 
neonatal and/or paediatric life support ad hoc. Our results seemed to indicate that 
this sense of unpreparedness was most often experienced by the youngest and most 
senior professionals. It seems likely that this resuscitation unpreparedness results 
from a lack of training and clinical exposure, being most pronounced at both ends of 
these professionals’ career. Especially noteworthy was the finding that a quarter of 
the youngest respondents did not consider themselves fully capable of PALS. In a 
study by Gemke et al., residents reported that they experienced more self-confidence 
and less stress when resuscitating newborns compared to older children.3 Our results 
corroborated this notion, since our participants in general, and the residents in 
particular, thought that they were more competent in NLS (and PBLS) than in PALS. 
This is probably due to more exposure to NLS and the more homogenous character of 
neonatal resuscitation.3 Furthermore, females seemed to feel a little less at ease 
when instantly summoned to a resuscitation scene compared to males (although the 
significance of this and other differences could not be demonstrated due to the 
descriptive design of our study). On the one hand, our data may suggest that some 
subgroups should be (re)trained with priority. On the other hand, since we previously 
demonstrated a large discrepancy between self-assessed competence in PBLS (51%) 
and actual performance on an unannounced simulated PBLS examination (21% pass 
rate) (Chapter 4),1 one may also speculate that males, general paediatricians, and 
professionals in the intermediate age/experience groups are more inclined to 
overestimate their capabilities.
 In recent years, advanced technological and educational possibilities have 
become available for resuscitation training, such as high-fidelity manikins, e-learnings, 
and video debriefing. The ERC considers low-fidelity manikins appropriate for all 
resuscitations. Video-supported debriefing and e-learnings were apparently not 
widely implemented. The main barriers for partaking in national resuscitation courses 
seemed to be high costs, lack of time/other clinical priorities, the non-compulsory 
status, remote location, and unavailability of courses. Regular participation in local 
resuscitation training was frequently mentioned as a reason for not participating in 
national accredited courses. Most respondents considered it necessary to train 
resuscitation skills at least every year. According to several respondents, the most 
desirable training schedule would consist of a national course every 2-5 years, 
interspersed with local booster training with an interval ranging from weekly to every 
6 months. Others mentioned that training should ideally be tailored to the specific 
needs of individuals, depending on their professional role, responsibilities, and 
clinical exposure.
Discussion
This survey provides an overview of neonatal and paediatric resuscitation training 
practices. Although we endeavoured to describe these practices for various European 
countries, the small number of respondents from all countries except the Netherlands 
and Belgium precluded the intended, wide-ranging overview. We therefore focused 
on the reasonably representative results obtained from the Dutch and Belgian 
respondents. Most paediatric professionals employed in general and university 
hospitals regularly attend PBLS, PALS, and NLS training. Both hospital types have 
simulation facilities, in which low-fidelity manikins are probably used most frequently. 
It appears that PBLS is offered the most, although usually not to all professionals 
caring for children (e.g. paediatric surgeons, interns). We think it is prudent to ensure 
that all professionals, who care for children on a regular basis, are trained in PBLS. A 
considerable number of paediatric professionals does not officially recertify for PBLS, 
PALS, and NLS, for which several, mainly extrinsic factors were identified. They are 
apparently less inclined to attend national accredited courses, when they already 
engage regularly in local training sessions. Various paediatric professionals, especially 
the most junior and senior ones, do not (completely) read the guidelines and are not 
fully confident about performing PBLS, PALS, and NLS ad hoc. General paediatricians 
apparently feel most capable of performing all three types of life support. This 
ostensibly higher resuscitation readiness in general paediatricians and mid-age 
professionals may, of course, not only reflect their level of training; it may also be 
indicative of an increased exposure to resuscitations during their daily work.
 Comparing our results to previous studies was difficult, since most related articles 
were published several years ago.2,3,11,12 In the meantime, insights, guidelines, and 
training practices have changed based on emerging evidence. Also, whereas the 
Chapter 10
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optimal combination of high-frequency, low dose in situ training and low-frequency, 
high-dose accredited courses should be pursued.6
Strengths and limitations 
We included a fairly large number of respondents, with a seemingly adequate 
representation of all intended subgroups. Information was obtained from 
professionals employed in general and university hospitals. Our respondents are the 
participants of neonatal and paediatric resuscitation courses. Therefore, their 
feedback, views, and experiences are really valuable for evaluating how life support 
training is realised in actual practice. Further strengths were the diligent development 
of the survey and the anonymous acquisition of the data, which hopefully led to 
honest instead of socially desirable responses. 
 Although inevitable in such a large-scale survey, we had a fair amount of missing 
data. Also, the descriptive nature of our study precluded significance testing for 
potential differences. We nevertheless think that our results provide valuable insights. 
Since we were only informed about the nationality of our respondents, it was 
theoretically possible that various respondents from one country all worked in the 
same hospital. Also, duplicate entries from the same individual could not be 
completely ruled out, but were deemed unlikely. Due to the voluntary nature of this 
survey, a selection bias (volunteer effect) could have occurred, for respondents 
interested in resuscitation training may have been more inclined to participate.  This 
may have caused an overestimation of some of our results. Finally, the poor 
representation of the other European countries prevented us from obtaining a more 
comprehensive impression of training practices in Europe.  
Conclusions
Most paediatric professionals in the Netherlands and Belgium receive regular 
resuscitation training, mainly in PBLS. Guideline reading and resuscitation 
preparedness appear to be suboptimal, especially among the youngest and most 
senior professionals. PALS training for residents probably needs to be optimised. 
Advanced technologies (high-fidelity manikins, video-based debriefing, e-learnings) 
are not yet widely applied in paediatric resuscitation training. Retraining and recerti-
fication should be done at set intervals, although it is open to debate whether this 
can be individualised and decentralised. Barriers to course participation should be 
removed to facilitate training for all paediatricians and residents. Future studies, 
ideally performed by an international collaboration, are needed to collect more 
robust data on the training practices of paediatric professionals in Europe and other 
parts of the world. 
levels of training.6 This survey revealed that these manikins are widely used throughout 
Europe. A meta-analysis on this topic only showed a small benefit of high-fidelity 
manikins compared to low-fidelity manikins in improving skill performance at the end 
of a resuscitation course.14 However, there was no benefit for knowledge at course 
conclusion, skill performance between course conclusion and follow-up at one year, 
and skill performance one year later. Although high-fidelity manikins are popular with 
learners, they are more expensive and may even conduce to over-confidence.15 Other 
studies supported these findings and concluded that retention of skills does not 
improve more when using high-fidelity manikins.16,17 Video debriefing and e-learnings 
are not commonly used in resuscitation training according to our respondents; 
perhaps they will gain popularity when evidence is accumulated in support of 
them.18-20
 Although most paediatric professionals adequately recertified for PBLS, PALS, 
and NLS, some barriers to participation in national, accredited courses appeared to 
exist. These were mainly extrinsic (logistic, organisational, financial) in nature; 
intrinsic factors (poor quality of course instructors, contents, and materials) seemed 
to be less of an issue. In previous studies, insufficient instructors and teaching 
materials, costs, organisational deficiencies, and the non-compulsory status of 
resuscitation courses were identified as barriers to course participation.2,12 
Participation in local resuscitation training is often stated as a reason for not 
attending national (refresher) courses. In-hospital resuscitation training is regarded 
as a reasonable alternative to keep one’s skills up to par. This practice is especially 
defensible in case of the in-house availability of proper facilities and certified 
instructors. Decentralisation of resuscitation training may even be formalised in the 
future by starting official outreach simulation programmes.21 Outreach simulation 
has potential benefits, such as training with the usual multidisciplinary team in a 
familiar environment, which may prevent difficulties with contextual adaptation, and 
the possibility of providing feedback on work flow and system errors.6,22 Nevertheless, 
resuscitation councils should endeavour to eradicate the abovementioned barriers to 
facilitate paediatric professionals to acquire and maintain their official provider 
status. Successful completion of relevant resuscitation courses may be declared 
compulsory for the periodic re-registration of paediatricians. In the Netherlands, 
PBLS, PALS, and NLS are already compulsory components of the residency programme. 
Reducing the costs of course participation can be achieved by exploitation of peer 
teaching for nurses and residents, increasing efficiency, saving on the course venue, 
reducing the duration of instructor-led training by using blended learning approaches, 
and relying on the demonstrated effectiveness of self-directed learning.2,6,12,23 The 
availability of courses as well as the number and remoteness of course sites may be 
reconsidered. Also, recertification requirements may be adjusted to the individual 
needs of professionals, based on their clinical role and exposure. In the end, an 
Chapter 10
252 253
Chapter 10 Training practices in neonatal and paediatric life support: a survey 
References 
1. Binkhorst M, Coopmans M, Draaisma JM, et al. Retention of knowledge and skills in paediatric basic life 
support amongst paediatricians. Eur J Paediatr 2018;177:1089-1099.  
2. Broster  S, Cornwell L, Kaptoge S, et al. Review of resuscitation training amongst consultants and middle 
grade paediatricians. Resuscitation 2007;74:495-499.
3. Gemke RJ, Weeteling B, van Elburg RM. Resuscitation competencies in paediatric specialist registrars. 
Postgrad Med J 2007;83:265-267.
4. Roy KM, Miller MP, Schmidt K, et al. Paediatric residents experience a significant decline in their response 
capabilities to simulated life-threatening events as their training frequency in cardiopulmonary 
resuscitation decreases. Paediatr Crit Care Med 2011;12:e141-144.
5. Cheng A, Duff J, Grant E, et al. Simulation in paediatrics: an educational revolution. Paediatr Child Health 
2007;12:465-468.
6. Greif R, Lockey A, Conaghan P, et al. European Resuscitation Council guidelines for resuscitation 2015: 
Section 10. Education and implementation of resuscitation. Resuscitation 2015;95:288-301.
7. Pammi M, Dempsey EM, Ryan CA, et al. Newborn resuscitation training programmes reduce early neonatal 
mortality. Neonatology 2016;110:210-224.
8. Patel A, Khatib MN, Kurhe K, et al. Impact of neonatal resuscitation trainings on neonatal and perinatal 
mortality: a systematic review and meta-analysis. BMJ Paediatr Open 2017;1:e000183.
9. Wyllie J, Bruinenberg J, Roehr CC, Rüdiger M, Trevisanuto D, Urlesberger B. European Resuscitation Council 
Guidelines for Resuscitation 2015: Section 7. Resuscitation and support of transition of babies at 
birth. Resuscitation 2015;95:249-263.
10. Maconochie IK, Bingham R, Eich C, et al. European Resuscitation Council Guidelines for Resuscitation 2015: 
Section 6. Paediatric life support. Resuscitation 2015;95:223-248.
11. Garcia-Barbero M, Caturla-Such J. What are we doing in cardiopulmonary resuscitation training in Europe? 
An analysis of a survey. Resuscitation 1999;41:225-236.
12. López-Herce J, Carrillo A. A survey on training in paediatric cardiopulmonary resuscitation in Latin 
America, Spain, and Portugal. Paediatr Crit Care Med 2011;12:e200-204. 
13. Eysenbach G. Improving the quality of web surveys: the Checklist for Reporting Results of Internet 
E-Surveys (CHERRIES). J Med Internet Res 2004;6:e34.
14. Cheng A, Lockey A, Bhanji F, et al. The use of high-fidelity manikins for advanced life support training – a 
systematic review and meta-analysis. Resuscitation 2015;93:142-149.
15. Massoth C, Röder H, Ohlenburg H, et al. High-fidelity is not superior to low-fidelity simulation but leads to 
overconfidence in medical students. BMC Med Educ 2019;19:29.
16. Norman G, Dore K, Grierson L. The minimal relationship between simulation fidelity and transfer of 
learning. Med Educ 2012;46:636-647.
17. Nimbalkar A, Patel D, Kungwani A, Phatak A, Vasa R, Nimbalkar S. Randomized control trial of high fidelity 
vs low fidelity simulation for training undergraduate students in neonatal resuscitation. BMC Res Notes 
2015;8:636.
18. Raemer D, Anderson M, Cheng A, et al. Research regarding debriefing as part of the learning process. 
Simul Healthc 2011;6:S52-57.
19. Krogh LQ, Bjornshave K, Vestergaard LD, et al. E-learning in paediatric basic life support: a randomized 
controlled non-inferiority study. Resuscitation 2015;90:7-12.
20. O’Leary FM. Paediatric resuscitation training: is e-learning the answer? A before and after pilot study. J 
Paediatr Child Health 2012;48:529-533.
21. Byrne BJ, Manhas D. Neonatal outreach simulation. Semin perinatal 2016;40:480-488.
22. Rasmussen MB, Dieckmann P, Issenberg SB, et al. Long-term intended and unintended experiences after 
advanced life support training. Resuscitation 2013;84:373-377.
23. Vestergaard LD, Løfgren B, Jessen CL, et al. A comparison of pediatric basic life support self-led and 
instructor-led training among nurses. Eur J Emerg Med 2017;24:60-66.
Acknowledgements
We thank all other mini-Delphi panel members (Ester Coolen, Petra Bot, Mieke 
Latijnhouwers, Jaime Smal, Nigel Turner, Moniek op de Coul, Patrick Van de Voorde) for 
their input during the development of the survey; all respondents of our survey for 
their contributions; and Laila van der Heijden, paediatric resident, Wilhelmina 
Children’s Hospital, Utrecht, the Netherlands, for spreading our survey among the 
members of the Young EAP.
Chapter 10
254 255

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Summary and general discussion
Section V
Summary
Quote Quidquid praecipies, esto brevis






Section I  General introduction and outline of the thesis
Chapter 1
This chapter comprises the general introduction to the thesis. Background information 
is provided on the main topics and core concepts of this thesis in order to enlighten the 
reader sufficiently to fully comprehend, interpret, and critically appraise the contents 
of the subsequent chapters. 
Chapter 2
The aims and outline of the thesis are described in Chapter 2. After identifying certain 
‘gaps’ in the medical literature regarding paediatric and neonatal life support and 
delineating the global goals of this work, the following specific objectives are presented: 
1.  To develop and validate convenient assessment tools for the appropriate evaluation 
of paediatric basic life support and neonatal intubation skills.
2.  To evaluate the knowledge, skills, and resuscitation preparedness of paediatric 
professionals in the context of paediatric and neonatal life support and investigate 
which factors (e.g. provider characteristics, instruction method, training interval) 
have a bearing on the acquisition and retention of these cognitive and technical 
skills.
3.  To study the effects of (near-)peer teaching, not only on the performance of 
paediatric basic life support skills, but especially on the self-efficacy of the 
providers.
4.  To determine the extent to which paediatric healthcare professionals adhere to 
resuscitation guidelines and to issue recommendations on how this adherence 
can be augmented.
5.  To survey the current training practices in paediatric and neonatal life support of 
paediatric healthcare providers, with the secondary aim to provide resuscitation 
councils with suggestions that may be useful for the further improvement of such 
training.
Section II  Paediatric basic life support
Chapter 3
The aim of the study described in this chapter was to develop a practical assessment 
tool for paediatric basic life support (PBLS) and determine its validity and reliability. 
An adequately validated tool did not exist for this purpose and was needed to 




PBLS capabilities and actual performance on the practical exam, which probably 
indicates that paediatric providers tend to overestimate their resuscitation skills. 
From these results we inferred that the retention of PBLS skills is rather poor among 
paediatricians and paediatric residents. PBLS knowledge is better retained.  
Chapter 5
Although previous studies had established the effectiveness of (near-)peer instruction 
in the context of basic life support skills training, information about the effect of 
(near-)peer teaching on providers’ self-efficacy was lacking. A high level of self-efficacy 
is clearly important in the field of resuscitation, for it stimulates healthcare 
professionals to initiate and continue their attempts despite challenges. In this 
chapter, we briefly discuss the theoretical underpinnings that lend support to the 
concept that peer teaching promotes self-efficacy. More importantly, we provide the 
results of a randomised controlled trial that corroborates this contention. In this 
study, medical students received PBLS training. They were randomly assigned to one 
of two groups. The intervention group (n=105) was trained by a near-peer instructor, 
whereas the control group (n=108) received instruction from an expert instructor. All 
students attended two hours of PBLS training. Immediately following this training, 
self-efficacy was assessed with a questionnaire. One week later, students performed 
a practical PBLS exam and completed another questionnaire to evaluate skill 
performance and self-efficacy, respectively. Students trained by near-peers scored 
significantly higher with regard to PBLS-related self-efficacy. Performance on the 
practical PBLS exam was similar in both groups. Our results seem to indicate that 
near-peer-trained medical students develop a higher level of PBLS-related self-efficacy 
than professional-trained students. Admittedly, additional work has to be done to 
elucidate the exact relationship between peer teaching and self-efficacy and between 
self-efficacy and the quality of real-life paediatric resuscitations. 
Section III  Neonatal life support
Chapter 6 
In this part of the project, we sought to determine the validity, reliability, feasibility, 
and applicability of a novel neonatal intubation scoring instrument. At the time we 
embarked on this mission, such a tool was virtually non-existent, but definitely 
needed for the formative and summative assessment of neonatal intubation 
competence. We collaborated with our colleagues from Stanford University to conduct 
a prospective observational study in their simulation-based research and training 
centre (CAPE, Palo Alto, USA). Forty clinicians, qualified for neonatal intubation, 
performed elective intubations on a neonatal patient simulator. All intubations  were 
PBLS assessment procedure more objective and standardised. Our assessment 
instrument was based on three existing scoring systems and the European 
Resuscitation Council (ERC) PBLS guideline. The instrument was deliberately designed 
to be used in conjunction with a low-fidelity manikin to ensure its applicability in 
diverse settings, including resource-limited. Face and content validity were 
established, inasmuch as PBLS experts reached consensus on the instrument and 
because it incorporated all items of the ERC algorithm. Medical students (157) and 
experienced PBLS instructors (14) performed a standard, simulated PBLS exam while 
being videotaped. The construct validity of our tool was established, since PBLS 
instructors performed significantly better on the exam than medical students. The 
videotaped exams were assessed by two independent observers. There was 
substantial intrarater and moderate interrater agreement. It took approximately 
three minutes to assess one videotaped exam. We concluded that our instrument for 
the (video-based) assessment of PBLS was valid, sufficiently reliable, and practical/
time-efficient. 
Chapter 4
Retention of (paediatric) resuscitation knowledge and skills is often assessed at 
predefined moments. Scheduled assessments allow for just-in-time reading and 
rehearsal and may therefore not truly reflect resuscitation preparedness. In this 
chapter, we report the results of a multicentre study, in which we evaluated the 
retention of PBLS-related knowledge and skills among 58 paediatricians and 
paediatric residents with an unannounced examination. Such a surprise examination 
more closely resembles clinical reality, in which professionals are instantly summoned 
to a resuscitation scene; it thus provides a more reliable impression of the ad hoc 
resuscitation capabilities of paediatric providers. During the surprise visits, PBLS 
skills were assessed with the validated assessment tool described in the previous 
chapter. A 10-item multiple-choice test (MCQ) was used to evaluate theoretical 
knowledge. Also, participants were asked to assess their own PBLS capabilities. 
Participant characteristics were inventoried with a questionnaire. It turned out that 
merely 21% of the paediatricians and residents passed the impromptu practical exam. 
Twenty-nine percent did not apply the correct compression to ventilation ratio (i.e. 
15:2) while performing PBLS. Sixty-nine percent passed the theoretical test. Nineteen 
percent of the participants passed both the practical and theoretical exam. 
Participants with a shorter time interval since their last PBLS course showed 
significantly better results on the MCQ. Time elapsed since last PBLS course did not 
significantly affect performance on the practical exam. The PBLS skills of older, 
attending paediatricians with more years of experience in paediatrics were inferior to 
those of their younger colleagues. Interestingly, 51% of participants considered 




feedback, and by correlating the intubation performances with the subjects’ level of 
experience. As a result of the structured personalised feedback, subjects in the 
intervention group showed significantly more improvement during their second 
intubation than the subjects in the control group. In addition, subjects’ experience 
level correlated significantly with their intubation performance. Using correlation 
coefficients, we also pointed out that the intubation scores obtained with real-time 
assessment were very similar to those obtained with video-based assessment. We 
therefore concluded that our neonatal intubation scoring instrument has construct 
validity and that it can be reliably applied for real-time assessment. 
Chapter 8
Chapter 8 contains the report of an observational study investigating paediatricians’ 
adherence to the newborn life support (NLS) guideline. We additionally assessed the 
NLS-related knowledge of these professionals. We also set out to create a 
comprehensive overview (framework) of strategies meant to improve (neonatal) 
resuscitation guideline adherence. In the first part of this study, paediatricians 
performed a simulated NLS scenario, using a high-fidelity manikin, and they completed 
17 multiple-choice questions (MCQ). Forty-six paediatricians participated: 45 
completed the MCQ and 34 performed the scenario. Seventy-one percent of the MCQ 
were answered correctly. Fifty-six percent performed inflation breaths within the first 
60 seconds, 24% delivered inflation breaths of 2-3 seconds, and 85% used adequate 
inspiratory pressures. Airway patency was ensured 83% of the time. On the other 
hand, less than 10% of the participants was able to maintain a patent airway 
throughout the entire scenario. Median events per minute, compression rate, and 
percentage of effective compressions were 138/min (recommended 120/min), 120/min 
(recommended 100-120/min), and 38% (ideally 100%), respectively. Other adherence 
percentages were as follows: adequate temperature management 50%, auscultation 
of initial heart rate 100%, correct application of the pulse oximeter 94%, oxygen 
increase at commencement of chest compressions (CC) 74%, and correct epinephrine 
dose 82%. Paediatricians were apparently in need of reminders/prompts to ensure 
execution of all steps of the algorithm, whereas they required real-time quantitative 
feedback to guide their performance of technical skills. For the second part of the 
study, the literature was systematically searched for (review) articles on guideline 
adherence in general and resuscitation guideline adherence in particular. We 
identified ten suitable publications for our framework. The goal of this framework was 
to inspire clinicians, educators, researchers, and guideline developers in their 
attempts to improve resuscitation guideline adherence. It contains many practical 
strategies to enhance professionals’ knowledge, skills, self-efficacy, and team 
performance, as well as recommendations regarding equipment, environment, and 
guideline development/dissemination. Hopefully, paediatricians (and others with a 
videotaped and scored by two independent raters. The following aspects of the 
neonatal intubation procedure were scored: preparation of the necessary equipment 
and premedication, intubation performance, tube position/fixation, communication 
with team members, number of attempts, duration, and successfulness of the 
procedure. The intrarater and interrater reliability of our scoring instrument proved 
to be substantial to almost perfect. Although the instrument was developed in the 
Netherlands, its applicability in this US facility was straightforward, since items 
matched US practices, scoring instructions were unambiguous, and there was no 
need for modifications or additional instructions. It took about 15 minutes to score 
one simulated neonatal intubation, so assessments with our tool were not really 
time-consuming. However, we were unable to establish the construct validity of our 
scoring instrument. Several possible explanations are provided in the discussion 
section of this chapter to account for this negative result. In short, construct validity 
was investigated based on the hypothesis that clinicians experienced in neonatal 
intubation outperform less experienced colleagues. The experience groups we used 
to prove this construct turned out to be insufficiently divergent for an appropriate 
extreme-groups comparison. Also, we did not incorporate simulated intubation 
experience into our group definitions. We endeavoured to redeem ourselves by 
addressing these methodological imperfections in a follow-up study, which is 
described in the next chapter.
Chapter 7
The study described in this chapter was our second attempt to demonstrate the 
construct validity of the neonatal intubation scoring tool mentioned in the previous 
chapter. In addition, we wanted to show that this tool can also be reliably utilised for 
real-time, on site assessment of neonatal intubation skills. That is, in the prequel to 
this study (Chapter 6), video-based assessment was employed to score the simulated 
neonatal intubations. Real-time assessment has several advantages, though. It 
enables instructors/facilitators to provide almost immediate feedback during 
procedural training, it is more time-efficient, and it does not require expensive video 
equipment. The study involved a randomised controlled trial, again performed at 
CAPE (Palo Alto, USA) in close collaboration with Stanford colleagues. We used a 
genuine extreme groups approach by comparing experts to novices. Twenty-four 
clinicians experienced in neonatal intubation and 11 inexperienced medical students 
performed two identical elective intubations on a neonatal patient simulator. 
Subjects were randomly assigned to either the intervention group (n=18), receiving 
predefined feedback between the two intubations, or the control group (n=17), 
receiving no feedback. All simulated intubations were assessed with the neonatal 
intubation scoring instrument, both in real time and remotely on video. Construct 




came from the Netherlands (n=393) and Belgium (n=42). As these were probably the 
most representative responses, we decided to base our conclusions on the Dutch and 
Belgian responses only. The results from the other countries are still provided in this 
chapter for completeness. PBLS was more frequently offered than PALS and NLS, but 
not to all professionals caring for children. For PBLS, PALS, and NLS, official recertifi-
cation varied between 35-75%. Approximately 80-90% had read the latest guidelines, 
at least partially. Sixty to seventy percent felt capable of instant PALS, 75-90% 
considered themselves able to perform PBLS and NLS instantly. Not reading the 
guidelines and less confidence about instant resuscitation seemed to occur more 
often in the lower and higher age/experience groups compared to the intermediate 
age/experience groups. A quarter of the respondents <30 years did not feel prepared 
for instant PALS. General paediatricians appeared to feel most capable of instant 
resuscitation. General and university hospitals had rather similar training practices 
and facilities. Respondents indicated that they mainly used low-fidelity manikins for 
resuscitation training, especially the ones working in general hospitals. Other tech-
nology-enhanced educational modalities (e-learnings, video-assisted debriefing) 
were also not widely implemented. Barriers to resuscitation course participation 
were: high costs, lack of time, other clinical priorities, the fact that courses are not 
compulsory, the remote location of the course sites, and unavailability of courses. 
Our conclusion was that most paediatric professionals partake in life support training, 
although improvements are warranted in terms of guideline reading, recertification, 
training utilisation, and resuscitation preparedness. The chapter ends with a series of 
recommendations to increase course participation.
duty to respond) can benefit from the recommendations in our framework to improve 
(neonatal) resuscitation guideline adherence, which seems warranted.
Section IV  ABCDE approach and survey
Chapter 9
This chapter also deals with guideline adherence. This time, a randomised controlled 
trial was performed to investigate healthcare professionals’ overall compliance with 
the Airway, Breathing, Circulation, Disability, and Exposure (ABCDE) algorithm, and to 
evaluate whether their adherence was influenced by the instruction method used to 
teach them the ABCDE approach. Parenthetically, the systematic ABCDE approach is 
ubiquitously recommended to guide the prioritised assessment and initial treatment 
of critically ill or injured patients, irrespective of their age or underlying morbidity. In 
our study, neonatal healthcare providers participated in simulated neonatal advanced 
life support (NALS) scenarios, using a high-fidelity manikin. They were randomly 
assigned to a video-based instruction or a conventional lecture as the method of 
instruction. One blinded investigator evaluated the adherence to the ABCDE approach 
on video with an assessment tool specifically designed and tested for this study. 
Seventy-two participants were assessed. Overall adherence to the ABCDE approach 
was 31.5%. The video-based instruction group showed a significantly better adherence 
(38.8%) to the ABCDE approach than the conventional lecture group (27.8%). This 
between-group difference was predominantly caused by differences in the Breathing 
(B) and Circulation (C) domains. Neonatal ward clinicians (residents, physician 
assistants, and nurse practitioners) showed better adherence than nurses. In 
conclusion, overall adherence to the ABCDE algorithm was low. Video-based 
instruction was associated with better adherence to the ABCDE approach during NALS 
training than lecturing. Together with other advantages of using video for resuscitation 
training (standardisation of teaching content, less dependence on busy and costly 
instructors, audiovisual support for observational learning), these results suggest 
that video-based instruction should be incorporated in the educational arsenal of 
resuscitation courses. 
Chapter 10
This final chapter reports the results of a survey study. We aimed to evaluate neonatal 
and paediatric life support training practices among paediatric professionals across 
Europe. Paediatric residents, general paediatricians, and paediatric subspecialists 
were surveyed to assess the actual realisation, practical arrangement, and uptake of 
paediatric basic life support (PBLS), paediatric advanced life support (PALS), and 
neonatal life support (NLS) training/courses in various European countries. In total, 
498 respondents from 16 countries were included. A large majority of the responses 
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Nederlandse samenvatting (Dutch summary)
In de medische literatuur is er tot op heden al behoorlijk veel gepubliceerd over de 
(basale) reanimatie van kinderen en pasgeborenen. Op basis van de beschikbare 
gegevens worden door de daarvoor verantwoordelijke raden, commissies en 
instanties, zowel nationaal als internationaal, elke vijf jaar weer nieuwe richtlijnen 
opgesteld, waarin aanbevelingen en voorschriften staan om te bewerkstelligen dat 
reanimaties van kinderen en pasgeborenen zo uniform en effectief mogelijk worden 
uitgevoerd volgens de meest recente inzichten in het vakgebied. Eerder onderzoek 
heeft evenwel aangetoond, dat de betrokken zorgprofessionals (o.a. kinderartsen, 
neonatologen, verpleegkundigen en medisch studenten) zich niet altijd goed aan 
deze richtlijnen houden, noch de bijbehorende vaardigheden volledig beheersen, met 
name als training daarin al langer geleden heeft plaatsgevonden. Voorts zijn er ook al 
talloze onderzoeken verricht naar de wijzen waarop reanimatiekennis en -vaardigden 
het best aangeleerd, getraind en getoetst kunnen worden. Voor deze meer onderwijs-
kundige aspecten van de reanimatieleer worden er ook regelmatig overzichtsdocu-
menten en richtlijnen uitgevaardigd, aan de hand waarvan het reanimatieonderwijs 
verbeterd kan worden.
 Ondanks de reeds bestaande collectie aan artikelen over deze thematiek kan 
men bij zorgvuldige bestudering van de betreffende literatuur nog steeds diverse 
lacunes in de beschikbare kennis ontwaren. Belangrijke vragen bleven tot dusverre 
onbeantwoord. Hoe kunnen we bijvoorbeeld garanderen dat vaardigheden in de 
acute kindergeneeskunde efficiënt, eenduidig en betrouwbaar beoordeeld worden? 
Bestaan daar geschikte toetsinstrumenten voor? Zo niet, is het dan mogelijk om die 
te ontwikkelen? Zijn kinderartsen in staat om een kind adequaat te reanimeren als de 
situatie daar acuut om vraagt? Welke factoren beïnvloeden het behoud van dit soort 
vaardigheden, de paraatheid om te reanimeren en het zelfvertrouwen waarmee men 
dergelijke, levensbedreigende situaties tegemoet treedt? Welke methoden en 
strategieën kunnen er bedacht en toegepast worden om ervoor te zorgen dat zorg-
professionals zich beter aan de reanimatierichtlijnen (kunnen) houden? Hoe vindt het 
onderwijs in kinderreanimatie daadwerkelijk plaats in verschillende ziekenhuizen en 
landen? Hoe wordt dit praktisch vormgegeven? Dit proefschrift is bedoeld om enkele 
van de geïdentificeerde lacunes in te vullen en antwoorden te geven op bovenstaande 
vragen. De acht onderzoeken die daarvoor nodig waren, worden in dit proefschrift 
beschreven en hier samengevat. 
 Terzijde en wellicht ten overvloede dient voor het Nederlandse lezerspubliek nog 
opgemerkt te worden, dat het Nederlandse woord ‘reanimatie’ een andere connotatie 
heeft dan het Engelse ‘resuscitation’. Met ‘reanimatie’ wordt doorgaans het uitvoeren 
van beademingen en hartmassage bedoeld, wat meer gelijk staat aan het Engelse 
‘cardiopulmonary resuscitation’ (CPR). In het Engels is de term ‘resuscitation’ meer 
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ningsintervallen.
4. Bestuderen wat de effecten zijn van reanimatieonderwijs door peers (d.w.z. 
leeftijds- en studiegenoten) in plaats van door ervaren arts-instructeurs, niet 
alleen op de uitvoering van basale reanimatievaardigheden, maar ook op de 
self-efficacy (d.w.z. het taakgebonden zelfvertrouwen) van degenen die de 
reanimatie moeten uitvoeren.
5. Inventariseren hoe training met betrekking tot de reanimatie van kinderen en 
pasgeborenen op dit moment in de praktijk vormgegeven wordt, met de bedoeling 
om de opgedane inzichten door te spelen aan de reanimatieraden, zodat die de 
training in reanimatievaardigheden eventueel verder kunnen verbeteren. 
Deel II  Basale reanimatie van kinderen 
Hoofdstuk 3
Het doel van de studie, die in dit hoofdstuk beschreven wordt, was het ontwikkelen 
van een praktisch beoordelingsinstrument voor de basale reanimatie van kinderen 
en het bepalen van de validiteit en betrouwbaarheid van dat instrument. Tot op heden 
ontbrak het aan een dergelijk, goed gevalideerd instrument, terwijl het echt nodig 
was ter vervanging van allerlei verschillende, lokaal samengestelde, maar niet goed 
onderzochte afvinklijstjes, die in de ziekenhuizen en bij andere instanties voor dit 
doeleinde gebruikt werden. Het door ons beoogde instrument zou de beoordeling van 
de basale reanimatie van kinderen een stuk objectiever en gestandaardiseerder 
kunnen maken. Aldus ontwikkelden we een beoordelingsinstrument, gebaseerd op de 
Europese reanimatierichtlijn en drie scoringsinstrumenten, die al bestonden voor 
andere reanimatievormen. Het was een doelbewuste keuze om een instrument te 
ontwerpen, dat gebruikt kon gaan worden voor de beoordeling van een gesimuleerde 
kinderreanimatie uitgevoerd op een basale i.p.v. een geavanceerde reanimatiepop. 
Zodoende zou ons instrument overal goed toepasbaar moeten zijn, ook daar waar de 
financiële mogelijkheden beperkt zijn. De indruks- en inhoudsvaliditeit van ons 
instrument bleken gegarandeerd te zijn, aangezien experts op het gebied van kinder-
reanimatie consensus bereikten over het instrument en omdat alle onderdelen van 
de Europese reanimatierichtlijn erin verwerkt waren. Medisch studenten (157 in 
aantal) en ervaren kinderreanimatie instructeurs (14 in aantal) werden onderworpen 
aan een regulier examen, waarbij ze de basale reanimatie van kinderen moesten 
uitvoeren op een standaard reanimatiepop. Deze examens werden gefilmd. Omdat 
hierbij bleek dat de instructeurs duidelijk beter reanimeerden dan de medisch 
studenten, werd vastgesteld dat ons instrument constructvaliditeit bezit, hetgeen 
betekent dat het meet wat het beoogt te meten, namelijk hoe goed iemand de basale 
reanimatie van een kind beheerst. De op video vastgelegde examens werden 
omvattend; hiermee wordt in bredere zin verwezen naar de aanpak en behandeling 
van acuut, vitaal bedreigde personen. Teneinde deze Nederlandse samenvatting niet 
te gekunsteld en complex te maken, is ervoor gekozen om wel gewoon het woord 
‘reanimatie’ te gebruiken als vertaling van ‘resuscitation’, maar dient de lezer zich dus 
te realiseren dat dit begrip ruimer geïnterpreteerd mag worden.
Hieronder volgt een samenvatting van de hoofdstukken/studies behorende tot dit 
proefschrift. 
Deel  I  Algemene inleiding en opzet van het proefschrift 
Hoofdstuk 1
Dit hoofdstuk vormt de algemene inleiding van het proefschrift. Hierin wordt de 
nodige achtergrondinformatie verstrekt over de voornaamste onderwerpen, die in dit 
proefschrift aan bod komen. Deze inleidende passages zijn zodanig opgesteld, dat het 
lezen ervan zou moeten resulteren in voldoende begrip en bagage om de navolgende 
hoofdstukken, waarin de studies van dit proefschrift beschreven worden, goed te 
kunnen begrijpen en kritisch te kunnen beschouwen.
Hoofdstuk 2
De doelstellingen en opzet van het proefschrift worden beschreven in Hoofdstuk 2. 
Allereerst wordt er, op vergelijkbare wijze als hierboven, stilgestaan bij de lacunes die 
er, voorafgaand aan dit promotietraject, bestonden in de kennis over de (basale) 
reanimatie van kinderen en pasgeborenen. Dit als toelichting op onze keuze voor de 
onderzoeken die we hebben uitgevoerd. Daarna worden de specifieke doelstellingen 
van het project benoemd, welke zich als volgt laten verwoorden: 
1. Het ontwikkelen en valideren van goed hanteerbare instrumenten voor de 
beoordeling van bepaalde vaardigheden, die onderdeel uitmaken van de basale 
reanimatie van kinderen en de inbrengprocedure van een beademingsbuisje bij 
pasgeborenen. 
2. Het bepalen van de mate waarin zorgprofessionals binnen de kindergeneeskunde 
en neonatologie zich houden aan de reanimatierichtlijnen en het opstellen van 
aanbevelingen om naleving van deze richtlijnen te verbeteren.
3. Het beoordelen van de kennis, vaardigheden en paraatheid van kindergenees-
kundige zorgprofessionals voor zover het de (basale) reanimatie van kinderen en 
pasgeborenen aangaat, alsook het achterhalen van de factoren die van invloed 
zijn op het verkrijgen en behouden van deze cognitieve en technische 
vaardigheden, zoals bepaalde persoonskenmerken, instructiemethoden en trai-
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tussen dit laatste percentage en het daadwerkelijke slagingspercentage voor de vaar-
digheidstoets (21%) geeft aan dat men zichzelf waarschijnlijk overschat in dezen. Deze 
resultaten brachten ons tot de conclusie dat kinderartsen (in opleiding) hun kinder-
reanimatievaardigheden onvoldoende onderhouden om ze, indien nodig, acuut toe te 
passen. Het behoud van hun theoretische kennis op dit gebied is beter.
Hoofdstuk 5
Eerdere onderzoeken hebben weliswaar aangetoond dat peers (d.w.z. leeftijds- en 
studiegenoten) prima in staat zijn om basale reanimatievaardigheden effectief te 
onderwijzen, maar de vraag of peer teaching ook invloed heeft op het zelfvertrouwen, 
waarmee men een reanimatie aangaat, bleef tot dusverre onbeantwoord. Bij 
reanimaties is een hoge mate van taakgebonden zelfvertrouwen uiteraard belangrijk, 
aangezien dit ertoe leidt dat zorgprofessionals aan een reanimatie (durven te) 
beginnen en hun inspanningen voortzetten, ondanks eventuele moeilijkheden of 
tegenslagen. In dit hoofdstuk bespreken we eerst kort enkele theoretische concepten, 
die het aannemelijk maken dat peer teaching een positieve uitwerking heeft op het 
taakgebonden zelfvertrouwen. Daarenboven beschrijven we de resultaten van een 
gerandomiseerde studie, die deze correlatie verder onderbouwt. In het onderhavige 
onderzoek werden medisch studenten getraind in de basale reanimatie van kinderen. 
Zij werden willekeurig (door middel van loting) verdeeld over twee groepen. De onder-
zoeksgroep, waarin 105 studenten zaten, werd getraind door een near-peer instructor 
(d.w.z. een net iets oudere en gevorderde studiegenoot). De controlegroep, bestaande 
uit 108 studenten, werd getraind door een expert instructor (d.w.z. een kinderarts, die 
tevens reanimatie-instructeur was). Alle studenten namen deel aan een twee uur 
durend trainingsprogramma. Direct na afloop van deze training werd het zelfvertrouwen 
van de studenten om een kinderreanimatie aan te gaan bepaald m.b.v. een specifiek 
score-instrument. Een week later legden zij een praktisch examen af om hun basale 
kinderreanimatievaardigheden te toetsen en werd opnieuw met eenzelfde score-in-
strument het reanimatiegebonden zelfvertrouwen beoordeeld. De studenten, die 
door near-peers waren getraind, bleken duidelijk meer zelfvertrouwen t.a.v. een kin-
derreanimatie te hebben ontwikkeld dan degenen die door professionals waren 
onderwezen. De uitkomsten van het vaardigheidsexamen waren vergelijkbaar in beide 
groepen. Ofschoon onze resultaten wijzen op een positief effect van peer teaching op 
het reanimatiegebonden zelfvertrouwen, is aanvullend onderzoek nodig om deze 
relatie verder onder de loep te nemen. Tevens zou toekomstig onderzoek moeten 
uitwijzen of meer zelfvertrouwen ook daadwerkelijk leidt tot kwalitatief betere 
reanimaties bij kinderen.      
beoordeeld door twee onafhankelijke en ter zake kundige examinatoren. De overeen-
stemming in de beoordelingen van één examinator, die de examens tweemaal bekeek 
met een voldoende lang tussenliggend interval, was substantieel. De overeenstem-
ming tussen beide examinatoren was voldoende. Het duurde ongeveer drie minuten 
om één examen op video te beoordelen. Aan de hand van deze resultaten 
concludeerden wij, dat ons instrument voor de beoordeling van de basale reanimatie 
van kinderen valide, voldoende betrouwbaar en praktisch goed hanteerbaar is.       
  
Hoofdstuk 4
De mate waarin zorgprofessionals hun kennis en vaardigheden op het gebied van 
(kinder)reanimatie behouden, wordt nogal eens beoordeeld op een vooraf 
aangekondigd tijdstip. In dat geval kan men vlak voor het examen nog studeren en 
oefenen, waardoor de prestatie tijdens het examen eigenlijk geen goede afspiegeling 
is van de reanimatiecapaciteiten, die men in het echt natuurlijk direct aan de dag 
moet kunnen leggen. Reanimaties zijn immers over het algemeen acute incidenten, 
die snel ingrijpen vergen en daarom te allen tijde paraatheid van de daarvoor verant-
woordelijke zorgprofessionals vereisen. In dit hoofdstuk rapporteren we de resultaten 
van een studie, die heeft plaatsgevonden in meerdere ziekenhuizen. Daarin 
beoordeelden we het behoud van kennis en vaardigheden met betrekking tot de 
basale reanimatie van kinderen onder 58 kinderartsen en arts-assistenten, door bij 
hen een onaangekondigd examen af te nemen. Tijdens ons verrassingsbezoek werden 
de basale kinderreanimatievaardigheden getoetst aan de hand van het gevalideerde 
beoordelingsinstrument, zoals dat in het vorige hoofdstuk beschreven is. Een 10 
vragen tellende meerkeuzetoets werd gebruikt om de theoretische kennis van de 
deelnemers te evalueren. Voorts werd de deelnemers gevraagd om een inschatting te 
maken van hun eigen capaciteiten ten aanzien van de basale reanimatie van kinderen. 
De achtergrondkarakteristieken van de deelnemers werden verzameld m.b.v. een 
korte vragenlijst. Wij vonden dat slechts 21% van de kinderartsen (in opleiding) 
slaagde voor het onaangekondigde vaardigheidsexamen. Bij 29% van deze 
gesimuleerde kinderreanimaties werd een onjuiste verhouding van het aantal 
hartmassages ten opzichte van het aantal beademingen gehanteerd. Het 
theorie-examen werd door 69% succesvol afgerond. Negentien procent van de 
deelnemers slaagde voor zowel het praktische als het theoretische examen. De 
meerkeuzetoets werd beduidend beter gemaakt door degenen, die korter geleden 
nog een basale kinderreanimatiecursus hadden gevolgd. De prestatie tijdens het 
vaardigheidsexamen werd niet evident beïnvloed door het tijdsinterval, dat sinds 
laatste cursusdeelname verstreken was. De kinderreanimatievaardigheden van 
oudere kinderartsen, die al langer in het vak zaten, waren minder goed dan die van 
hun jongere collega’s. Opvallend was dat 51% van de deelnemers zichzelf capabel 
achtte om de basale reanimatie van een kind adequaat uit te voeren. De mismatch 
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we om een vervolgstudie uit te voeren, waarin we deze methodologische onvolko-
menheden konden rechtzetten om alsnog de constructvaliditeit van ons instrument 
aan te tonen. Deze vervolgstudie wordt beschreven in het volgende hoofdstuk.        
 
Hoofdstuk 7
Het onderzoek, dat in dit hoofdstuk beschreven wordt, betrof onze tweede poging om 
de constructvaliditeit van het hierboven genoemde beoordelingsinstrument voor de 
intubatie van pasgeborenen vast te stellen. Tevens wilden we met dit onderzoek laten 
zien dat ons instrument ook betrouwbaar is voor de directe, ‘live’ beoordeling van 
intubatievaardigheden. Dat wil zeggen, in het voorgaande onderzoek (Hoofdstuk 6) 
werden de gesimuleerde intubaties beoordeeld aan de hand van videobeelden. Het 
‘live’ kunnen beoordelen van intubaties biedt echter een aantal voordelen, zoals de 
mogelijkheid om meteen feedback te leveren tijdens intubatietraining, minder tijds-
investering en geen kosten om dure video apparatuur aan te schaffen. In het eerder 
genoemde Amerikaanse centrum voor simulatieonderzoek en -training voerden we 
samen met collega’s van Stanford een gerandomiseerde studie uit. Ditmaal pasten we 
een adequate extreme groepen methode toe door professionals te vergelijken met 
beginners. Vierentwintig ervaren zorgprofessionals en 11 onervaren medisch 
studenten moesten twee identieke, niet-spoedeisende intubaties verrichten op een 
geavanceerde reanimatiepop. De deelnemers werden willekeurig (door middel van 
loting) verdeeld over de onderzoeksgroep (18 deelnemers) en de controlegroep (17 
deelnemers). In de onderzoeksgroep kreeg men gerichte feedback op de eerste intu-
batiepoging voordat de tweede poging werd ondernomen. De controlegroep kreeg 
deze feedback niet. Alle gesimuleerde intubaties werden beoordeeld m.b.v. ons be-
oordelingsinstrument, zowel ‘live’ als naderhand op video. De constructvaliditeit van 
ons instrument, oftewel de mate waarin het meet wat het zou moeten meten, namelijk 
bekwaamheid in de intubatie van pasgeborenen, werd bepaald op grond van de 
hypothesen dat gerichte feedback en meer intubatie-ervaring (inclusief ervaring met 
gesimuleerde intubaties) zouden moeten resulteren in betere intubaties. Het bleek 
inderdaad zo te zijn dat gestructureerde en gepersonaliseerde feedback leidde tot 
meer verbetering van de tweede intubatieprocedure in de onderzoeksgroep in 
vergelijking met de controlegroep. Ook werd er een duidelijke correlatie aangetoond 
tussen de intubatie-ervaring van de deelnemers en hun intubatieprestaties. Aan de 
hand van correlatiecoëfficiënten lieten we bovendien zien, dat de intubatiescores, die 
werden verkregen tijdens de ‘live’ beoordelingen, heel goed overeenkwamen met de 
scores, die vastgesteld werden bij de beoordelingen van de intubaties op video. Met 
andere woorden, er kon geconcludeerd worden dat ons beoordelingsinstrument voor 
intubaties bij pasgeborenen constructvaliditeit bezit en dat het betrouwbaar gebruikt 
kan worden voor ‘live’ beoordelingen.
Deel III  Acute zorg voor pasgeborenen 
Hoofdstuk 6 
In dit onderdeel van het project wilden we de meeteigenschappen karakteriseren van 
een door ons ontworpen beoordelingsinstrument voor de inbrengprocedure van een 
beademingsbuisje bij pasgeborenen.  Om precies te zijn wilden we de validiteit, be-
trouwbaarheid, bruikbaarheid en toepasbaarheid van het betreffende instrument 
bepalen. Op het moment dat wij met dit onderzoek aanvingen, was een dergelijk be-
oordelingsinstrument nog niet beschikbaar, maar wel erg gewenst om formatieve en 
summatieve toetsing van deze inbrengprocedure mogelijk te maken. In samenwerking 
met collega’s van de Universiteit van Stanford (Verenigde Staten) en gebruik makend 
van hun centrum voor simulatieonderzoek en -training werd een prospectief 
observationeel onderzoek uitgevoerd. Veertig professionals, die bevoegd waren om 
een beademingsbuisje bij een pasgeborene in te brengen, voerden deze zogeheten 
intubatie in een niet-spoedeisende situatie uit op een geavanceerde reanimatiepop. 
Al deze intubaties werden op video vastgelegd en beoordeeld door twee onafhankelijke 
examinatoren m.b.v. ons beoordelingsinstrument. De volgende aspecten van de intu-
batieprocedure werden beoordeeld: de voorbereiding van de benodigde hulpmiddelen, 
apparatuur en medicatie, de uitvoering van de daadwerkelijke intubatie, het 
vastmaken van het beademingsbuisje en aangeven hoe diep het buisje was ingebracht, 
de communicatie binnen het team tijdens de procedure, het aantal pogingen, de duur 
van alsook het succes waarmee de procedure werd volbracht. De overeenstemming in 
de beoordelingen van één examinator, die de video’s tweemaal bekeek met een 
adequate tussenpoos, en de overeenstemming in de beoordelingen van de twee 
afzonderlijke examinatoren was substantieel tot welhaast perfect. Hoewel het 
instrument in Nederland ontwikkeld was, bleek het goed toepasbaar in dit Amerikaanse 
centrum. De verschillende onderdelen van het instrument waren namelijk van 
toepassing op de wijze waarop er in dat centrum werd geïntubeerd, de score-instruc-
ties waren duidelijk en men behoefde aldaar geen aanpassingen in of aanvullingen op 
de aangegeven instructies. Het beoordelen van één gesimuleerde intubatie op video 
duurde circa 15 minuten, hetgeen niet bepaald tijdrovend is. We waren helaas niet in 
staat om de constructvaliditeit van ons instrument aan te tonen. Hier worden enkele 
redenen voor aangedragen in de onderzoeksbespreking van dit hoofdstuk. Allereerst 
werd de constructvaliditeit onderzocht op basis van de hypothese dat zorgprofessio-
nals met meer intubatie-ervaring beter kunnen intuberen dan collega’s met minder 
ervaring. Echter, de onderzoeksgroepen, die we gedefinieerd hadden o.b.v. klinische 
intubatie-ervaring, bleken uiteindelijk onvoldoende verschillend te zijn voor een 
goede vergelijking van zogenaamde extreme groepen. Daarnaast hadden we in de 
definities van intubatie-ervaring niet verdisconteerd dat zorgprofessionals uiteraard 
ook eerdere ervaring met gesimuleerde intubaties konden hebben. Derhalve besloten 
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reanimaties plaatsvinden en de manier waarop reanimatierichtlijnen ontwikkeld en 
verspreid worden. We hopen uiteraard dat ons raamwerk bijdraagt aan een betere 
naleving van de reanimatierichtlijnen (voor pasgeborenen) door kinderartsen en 
andere zorgprofessionals. 
Deel IV  ABCDE benadering en survey
Hoofdstuk 9
Dit hoofdstuk handelt eveneens over de naleving van een richtlijn. In dit geval betreft 
het een gerandomiseerde studie naar de mate waarin zorgprofessionals zich houden 
aan het zogeheten ABCDE algoritme. De letters van dit algoritme staan in het 
Nederlands voor Luchtweg, Ademhaling, Bloedsomloop, Neurologische toestand en 
Omgevingsfactoren. Dit algoritme is bedoeld om kritisch zieke of ernstig verwonde 
patiënten op een systematische wijze te benaderen en hun beoordeling en meest 
spoedeisende behandeling in volgorde van prioriteit te laten plaatsvinden. Het ABCDE 
algoritme wordt alom onderwezen en is in principe van toepassing op alle acute 
patiënten, ongeacht hun leeftijd of onderliggende ziekte. We wilden ook achterhalen 
of de wijze, waarop dit algoritme wordt aangeleerd, van invloed is op de naleving 
ervan. Daartoe werden professionals, die in hun dagelijks werk zorg dragen voor 
pasgeborenen, geïncludeerd in onze studie en werd hun verzocht om een reanimatie 
uit te voeren op een geavanceerde reanimatiepop. Het ging ditmaal overigens niet om 
een reanimatie direct na de geboorte, maar op een wat later moment, bij een baby die 
(fictief) al op de afdeling opgenomen was. De deelnemers werden van tevoren 
willekeurig (door middel van loting) verdeeld over twee groepen. De ene groep kreeg 
uitleg over het ABCDE algoritme m.b.v. een instructievideo. In de andere groep werd 
een conventionele PowerPoint presentatie als onderwijsmethode gebruikt. Eén van 
de onderzoekers, die geen weet had van de groepsindeling, beoordeelde aan de hand 
van videobeelden van de reanimaties in hoeverre de deelnemers zich aan het ABCDE 
algoritme hielden. Daarbij werd een beoordelingsinstrument gebruikt, dat speciaal 
voor deze studie ontwikkeld en getest was. In totaal werden 72 deelnemers op video 
beoordeeld. Over het geheel genomen werd het ABCDE algoritme voor 31,5% nageleefd. 
De groep van de instructievideo hield zich duidelijk beter aan het algoritme dan de 
groep die de PowerPoint presentatie had gehad (38,8% vs. 27,8%). Dit werd voornamelijk 
veroorzaakt door verschillen tussen beide groepen op de onderdelen Ademhaling (B) 
en Bloedsomloop (C). Arts-assistenten en gespecialiseerd verpleegkundigen volgden 
het algoritme beter dan (reguliere) verpleegkundigen. Er werden naar aanleiding van 
dit onderzoek twee conclusies getrokken: 1) naleving van het ABCDE algoritme is in het 
algemeen vrij beperkt; 2) een instructievideo leidt ertoe dat zorgprofessionals zich 
beter aan het ABCDE algoritme houden tijdens de gesimuleerde reanimatie van een 
Hoofdstuk 8
Hoofstuk 8 gaat over een observationele studie, waarmee we hebben willen uitzoeken 
of kinderartsen zich houden aan de richtlijn voor de reanimatie van pasgeborenen. 
Ook waren we geïnteresseerd in de theoretische kennis van kinderartsen op het 
gebied van reanimatie direct na de geboorte. Een derde doelstelling van deze studie 
was het opstellen van een uitgebreid raamwerk met uiteenlopende strategieën om 
het volgen van reanimatierichtlijnen in het algemeen, en die voor pasgeborenen in 
het bijzonder, te verbeteren. We hebben kinderartsen derhalve gevraagd om een 
gesimuleerde reanimatie uit te voeren op een geavanceerde reanimatiepop in 
babyformaat. Daarnaast dienden de kinderartsen 17 meerkeuzevragen over deze 
thematiek te beantwoorden. Er deden in totaal 46 kinderartsen mee: 45 legden het 
meerkeuze-examen af en 34 voerden de gesimuleerde reanimatie uit. Van de meer-
keuzevragen werd 71% correct beantwoord. De eerste vijf (inflatie)beademingen 
werden door 56% van de kinderartsen binnen de eerste 60 seconden verricht, zoals 
aanbevolen wordt. Bij 24% hadden deze inflatiebeademingen de voorgeschreven duur 
van 2-3 seconden en 85% van de kinderartsen gebruikte de juiste beademingsdruk-
ken. De luchtweg was 83% van de tijd open. Daarentegen was minder dan 10% van de 
deelnemers in staat om de luchtweg gedurende de gehele reanimatie open te houden. 
Het mediane aantal handelingen (d.w.z. beademingen plus hartmassages) per minuut, 
de frequentie waarmee gemasseerd werd en het percentage effectieve hartmassages 
waren respectievelijk 138/min (120/min wordt aanbevolen), 120/min (100-120/min 
wordt aanbevolen) en 38% (dit is idealiter 100%). De mate waarin de deelnemers zich 
aan andere voorschriften van de richtlijn hielden, was als volgt: 50% hanteerde een 
adequaat temperatuurbeleid, 100% beoordeelde aan het begin van de reanimatie de 
hartslag met een stethoscoop, 94% maakte adequaat gebruik van een zuurstofmeter, 
74% gaf extra zuurstof vanaf het moment dat hartmassage gestart werd en 82% 
diende de juiste dosis adrenaline toe. De kinderartsen hadden klaarblijkelijk behoefte 
aan bepaalde hulpmiddelen, enerzijds om hen te helpen herinneren aan verschillende 
stappen van de richtlijn, anderzijds om hun directe terugkoppeling te geven, in maat 
en getal, over de manier waarop zij handelingen, zoals beademingen en hartmassages, 
uitvoerden. Om de overgebleven doelstelling van dit onderzoek te verwezenlijken, 
werd een systematische zoektocht in de medische literatuur verricht om (overzichts)
artikelen over de naleving van (reanimatie)richtlijnen te verzamelen. We vonden 10 
bruikbare artikelen, aan de hand waarvan het beoogde raamwerk werd samengesteld. 
Met dit raamwerk wilden we zorgprofessionals, medisch docenten, onderzoekers en 
richtlijnontwikkelaars ondersteunen in hun pogingen om tot een betere naleving van 
de reanimatierichtlijnen te komen. Het bevat meerdere praktische strategieën om de 
kennis en reanimatievaardigheden van professionals, alsook hun prestatie in 
teamverband en hun zelfvertrouwen in dezen te bevorderen. Tevens doen we 
aanbevelingen ten aanzien van bepaalde hulpmiddelen, de omgeving waarin 
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en zijd geïmplementeerd waren. De belangrijkste drempels voor deelname aan reani-
matiecursussen waren: hoge kosten, gebrek aan tijd, andere klinische prioriteiten, de 
niet-verplichte status van de cursussen, de grote afstand naar de cursuslocaties en 
het onvoldoende beschikbaar zijn van cursussen. Op grond van deze bevindingen 
concludeerden wij dat de meeste artsen binnen de kindergeneeskunde deelnemen 
aan reanimatietraining. Een aantal aspecten van die training is echter voor verbetering 
vatbaar, waaronder het lezen van de richtlijnen, het volgen van opfriscursussen, het 
daadwerkelijk gebruiken van trainingsmogelijkheden en de paraatheid voor een acute 
kinderreanimatie. Dit hoofdstuk besluit met een aantal aanbevelingen om deelname 
aan reanimatiecursussen te stimuleren.
pasgeborene in vergelijking met een standaard presentatie. Als men bijkomende 
voordelen van video-instructie in ogenschouw neemt, zoals standaardisatie van de 
lesinhoud, minder behoefte aan dure en druk bezette instructeurs en audiovisuele 
ondersteuning t.b.v. het observationeel leren, dan lijkt het aanbevelenswaardig om 
video-instructie op te nemen in het onderwijskundig arsenaal van reanimatiecursussen. 
Hoofdstuk 10
Dit laatste hoofdstuk rapporteert de resultaten van een survey (wetenschappelijke 
enquête). Het doel was om inzicht te krijgen in de manier waarop men in Europa 
invulling geeft aan de training van zorgprofessionals op het gebied van de reanimatie 
van kinderen en pasgeborenen. Kinderartsen in opleiding, algemeen kinderartsen en 
kindergeneeskundig deelspecialisten vulden een enquête in, waarmee wij probeerden 
te doorgronden hoe training in de basale kinderreanimatie, de specialistische kinder-
reanimatie en de reanimatie van pasgeborenen in de praktijk geëffectueerd en 
gebruikt wordt. Er deden in totaal 498 artsen uit 16 verschillende Europese landen 
mee aan dit survey onderzoek. De overgrote meerderheid van de respondenten was 
werkzaam in Nederland (393 artsen) en België (42 artsen). Aangezien deze resultaten 
waarschijnlijk het meest representatief waren, besloten we om onze conclusies alleen 
te baseren op de gegevens van de Nederlandse en Belgische deelnemers. De 
resultaten van de overige landen zijn voor de volledigheid nog wel in dit hoofdstuk 
opgenomen. Training in de basale reanimatie van kinderen werd vaker aangeboden 
dan die in de specialistische reanimatie van kinderen en pasgeborenen. Echter, het 
bleek dat niet alle professionals, die in het ziekenhuis voor kinderen zorgen, training 
kregen in de basale kinderreanimatie. Voor de drie typen reanimatietraining gold, dat 
35-75% hiervoor een officiële opfriscursus deed. Circa 80-90% van de deelnemers had 
de meest recente reanimatierichtlijnen tenminste gedeeltelijk gelezen. Zestig tot 
zeventig procent voelde zich bekwaam om terstond een specialistische kinder-
reanimatie uit te voeren, waar 75-90% zichzelf capabel achtte om zonder verdere 
voorbereiding de basale reanimatie van kinderen en pasgeborenen te volbrengen. 
Artsen in de lagere en hogere leeftijds- en ervaringscategorieën lazen de reanimatie-
richtlijnen minder en voelden zich ook minder vertrouwd met een acute kinderreani-
matie dan de artsen in de tussenliggende leeftijds- en ervaringsgroepen. Een kwart 
van de respondenten onder de 30 jaar voelde zich onvoldoende toegerust voor een 
acute, specialistische kinderreanimatie. Algemeen kinderartsen leken zich het meest 
vertrouwd te voelen met acute kinderreanimaties. Er werden weinig verschillen 
geconstateerd tussen algemene en academische ziekenhuizen met betrekking tot de 
gebruikte trainingspraktijken en -faciliteiten. De respondenten – met name degenen 
die in algemene ziekenhuizen werkten – gaven aan dat zij vooral gebruik maakten van 
basale reanimatiepoppen. Van een aantal technologisch geavanceerde onderwijsvor-
men, zoals e-learnings en nabesprekingen m.b.v. videobeelden, bleek dat die niet wijd 
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General discussion and future perspectives
Please note that the terms and concepts used in this General discussion are defined 
and explained in the Background information section of the General introduction 
(Chapter 1).
Training
Measures to increase participation in national resuscitation courses
A noticeable conclusion of this thesis – predominantly based on the results of the 
studies described in Chapters 4, 8, 9, and 10 – is that important numbers of paediatric 
and neonatal healthcare professionals are not sufficiently prepared for and consider 
themselves not fully capable of the systematic evaluation of a critically ill child and 
delivery of immediate paediatric and neonatal life support. Unannounced testing of 
resuscitation knowledge and skills allowed us to gain a reliable insight into these 
professionals’ preparedness for critical events that can occur unexpectedly at any 
time. Retention of cognitive and technical skills turned out to be insufficient on many 
occasions, while being up to par in this regard is an evident sine qua non of proper 
adherence to current resuscitation guidelines and, thereby, the correct performance 
of  neonatal and paediatric life support. Apparently, resuscitation readiness requires 
remediation and additional training is warranted.  
 One strategy to ensure better trained and adequately prepared paediatric 
professionals is to improve the uptake of national/accredited resuscitation courses 
for skills acquisition and to promote regular participation in recertification courses 
for skills retention. To achieve this goal, various efforts can be undertaken to alleviate 
the barriers to course participation, which were identified by our survey and reported 
in Chapter 10. The following measures are worthwhile considering:
• Recertification course participation with a positive result on the end-of-course 
examination can be made compulsory for general paediatricians and paediatric 
subspecialists and required for their periodic re-registration. This especially applies 
to paediatric basic and advanced life support; mandatory recertification for 
neonatal (advanced) life support is perhaps not indicated for subspecialists working 
in centres where their job description does not include the care for (critically ill) 
newborns. 
• Reconsideration of the number and location of course sites per country. Some 
countries, including the Netherlands, have a limited number of dedicated centres 
for accredited paediatric and neonatal resuscitation training, with an imbalanced 
geographical distribution. Consequently, various candidates have to travel long 
distances and stay overnight to be able to attend such training. Setting up one or 
more extra locations in other parts of the country may facilitate participation in 
relevant life support courses for paediatric professionals.
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have also adopted blended learning approaches, using pre-course computer-based 
virtual neonatal resuscitation simulation and e-learning, respectively.4,5 Resuscitation 
course designers and directors may consider to enhance the efficiency of their courses 
by more exclusively focusing on hands-on practice during the face-to-face course, 
while relying on pre-course digital training for knowledge acquisition. In this concept, 
knowledge can be digitally evaluated with a validated knowledge assessment tool 
before entering the actual course for (hands-on) practice of technical and behavioural 
skills.6 
 Apart from the more technologically advanced modalities that can be employed 
in the context of blended learning, such as virtual reality and gamification (see below), 
a readily available instructional method for resuscitation training comprises  video- 
based-instruction (VBI). Video has several advantages: it allows for a standardised 
instruction, it always shows a perfect demonstration, it is constantly available, the 
teaching content can be simultaneously delivered to many learners, it is a low-cost 
intervention, it takes advantage of the beneficial effects of observational learning 
and audiovisual support, and it can be used both prior to an actual resuscitation 
course for independent/self-directed learning, during the course, and after the course 
for regular refreshers.7 Furthermore, rewinding the video enables course participants 
to look at simultaneously occurring events one after the other. VBI can be equally or 
even more effective than conventional instructor-led resuscitation training for CPR 
skills acquisition.8,9 In keeping with this, we demonstrated that VBI is superior to 
traditional lecturing in equipping neonatal and paediatric healthcare professionals 
with the skills to perform a guideline-compliant ABCDE approach (Chapter 9). Based 
on these findings, we think that VBI should be incorporated in the educational toolbox 
of resuscitation training programmes.
Decentralisation
Making national resuscitation courses in dedicated training centres more available, 
accessible, and affordable is one strategy to improve resuscitation training and 
provider preparedness. However, a very important alternative or additional strategy, 
that partially obviates the necessity to overcome the abovementioned obstacles to 
national course participation, is investing in the widespread implementation of in situ 
simulation. When such simulation training is provided by certified instructors from 
outside the own hospital, this educational approach is also referred to as outreach 
simulation. Our belief that many paediatric professionals would like to be trained in 
their natural work environment was supported by various respondents of our survey 
(Chapter 10), who indicated that regular in situ simulation can very well supplement 
or even replace centrally organised resuscitation courses. 
 Neonatal and paediatric outreach simulation can be advantageous in multiple ways. 
It enables hospitals and instructors to share their expertise, it creates more training 
• By offering more pre-course digital resuscitation training (see below) in combination 
with reduced duration face-to-face courses, the time per course will be shorter and, 
as a result, more courses can be made available. 
• Additional instructors for the extra training occasions and locations can perhaps 
be realised by more train-the-trainer initiatives, increased use of peer teaching, 
active recruitment of healthcare professionals with established proficiency in 
medical education, and allowing professionals with teaching qualifications to apply 
for and participate in generic instructor courses (GIC) instead of solely relying on 
the identification of instructor potential in candidates by faculty members during 
resuscitation courses.
• Reducing the costs of resuscitation courses, which can be accomplished by using 
peers as trainers (also see Chapter 5 and the paragraph on peer teaching below), 
less expensive course venues, lower fidelity manikins and reusable equipment, and 
blended learning approaches with reduced course duration. Note that shorter, 
one-day face-to-face courses do not only cut the costs of the actual course, but 
also of (hotel) accommodations and catering.  
Blended learning
Of all the aforementioned measures, the blended learning approach deserves some 
extra attention, since it is a promising strategy considering the ever increasing digital 
and technological possibilities, its potential to reduce costs, time constraints, and 
logistical challenges, as well as the demonstrated effectiveness of this instructional 
design.1
 Blended learning, using e-learning supplemented with hands-on practice, was 
non-inferior to conventional classroom cardiopulmonary resuscitation (CPR) training 
in terms of the acquisition and retention of CPR knowledge and skills among laypeople, 
while taking half of the time compared to classroom training.1 Similar results were 
reported for an e-learning advanced life support (ALS) course, being equally effective 
compared with a traditional ALS course for professionals.2 Lau et al. demonstrated 
that digital resuscitation training, most notably blended learning with virtual patient, 
resulted in significantly improved knowledge, but no difference in overall skill 
performance, and even a decrease in the quality of chest compressions, when 
compared to standard resuscitation training.3 Overall, blended training programmes 
appear to be beneficial for learners. Together with the additional advantages of 
blended learning – increased autonomy, more standardised teaching content, easier 
to update knowledge content, better online possibilities, reduced strain on faculty, 
more favourable cost-effectiveness ratio – this instructional strategy seems the way 
to go for the years to come.2,3 
 In addition to the previously mentioned e-ALS course, the Neonatal Resuscitation 
Program (NRP) and the European Paediatric Advanced Life Support (EPALS) course 
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peers who are well acquainted with the beliefs, behaviours, and background of their 
colleagues. 
 It has been shown that in situ simulation results in equal or even better 
educational outcomes than conventional resuscitation training in dedicated 
simulation centres.10,11,14 In situ simulation can contribute to increased self-efficacy/
confidence, teamwork, and communication. Kirkpatrick level 4 evidence is currently 
lacking for in situ simulation, although subtle hints for its effectiveness on this level 
can already be discerned.11,12 
 In our opinion, if a hospital has sufficient resources, equipment, and certified 
instructors – or has the capacity to hire them in the context of an outreach simulation 
project – to provide in-hospital training that meets the official (ERC) training standards, 
it should be possible to officially recertify in that hospital without the need to go to a 
remote site to attend a national course. One can also think of a two-stage training 
model, mirroring the sequential Objective Structured Clinical Examination (OSCE) 
design,15 in which professionals participate in in-house simulation-based resuscitation 
training for refreshment, followed by a succinct, straightforward, but formal 
examination to maintain their provider status. Only those professionals who perform 
below a certain standard on one of more occasions can be referred to a national 
training centre for remedial training during a full-length course. This sequential 
training and assessment procedure largely depends on proper competency 
assessment tools, such as the one provided in Chapter 3. Assessment will be more 
elaborately discussed below.
 As stated in Chapter 10, the overall endeavour should be to create an optimal 
combination of high-dose, low-frequency resuscitation courses and low-dose, 
high-frequency in situ booster sessions.
Individualisation 
The efficiency and educational outcome of (paediatric and neonatal) resuscitation 
training can probably be augmented by tailoring it to the needs and characteristics of 
the participants. Training that is more or less specifically designed for particular 
groups of paediatric professionals will most likely lead to candidates being more 
enthusiastic and motivated to engage in that training. Having highly motivated 
learners is an important prerequisite for effective skills training according to the 
deliberate practice method. Simulation-based education using deliberate practice 
principles has been shown to improve resuscitation skill performance.16-18 Thus, 
appropriate adjustment of resuscitation training seems sensible. More than a decade 
ago, Turner et al. already mentioned that a one-size-fits-all approach leads to dissat-
isfaction about resuscitation courses due to the substantial variation in individuals’ 
needs.19 The concept of more individualised training seems to be supported by our 
survey data (Chapter 10), inasmuch as our respondents indicated a wide range of 
opportunities for smaller resource-limited hospitals, and it builds on the benefits 
associated with in situ simulation.10-12 These benefits include the opportunity to train 
in a familiar setting, which enhances environmental fidelity, the use of familiar 
equipment, the fact that scenarios can be run by the same multidisciplinary teams as 
in actual clinical care, and the increased likelihood that team members can perform 
the same role as in their daily work. In situ simulation also averts problems with 
contextual adaptation, which could occur when training takes place in a distant 
simulation centre, inasmuch as the transfer of knowledge, skills, behaviours, and 
beliefs from the training environment to the professionals’ workplace can be thwarted 
due to cultural and practical differences between the training site and clinical 
setting.13 In addition, in situ simulation offers the possibility to assess local 
organisational strengths and limitations. That is, visiting instructors are able to 
perform an on site analysis of latent safety threats and provide guidance in solving 
these shortcomings. Outreach simulation is therefore not only an educational 
intervention, but also a quality assessment and improvement programme, making 
funding and sustainability of the project more likely. Moreover, these projects may 
improve the partnership between hospitals, with various secondary advantages, such 
as sharing of best practices and cooperation on other topics.10,11 Our department 
recently started with neonatal outreach simulation, facilitating team-based 
resuscitation training in affiliated general hospitals. We frequently utilise in situ 
simulation in the simulation facility of our academic medical centre, as exemplified by 
the neonatal advanced life support training sessions that were part of the study 
described in Chapter 9.  
 We would like to encourage other centres to initiate outreach initiatives, based 
on the abovementioned benefits as well as our own positive experiences with these 
educational activities. Arranging finances for such programmes can be challenging, 
though. In addition to the marketing strategy of advertising them as quality 
improvement programmes,11 outreach projects can become financially feasible by 
various measures to reduce the expenses involved. Telehealth applications can be 
employed, for instance, to provide in situ simulation with remote expert guidance.10 
Local equipment can be used, including lower fidelity manikins. The cost-effective-
ness of these programmes may be improved by using needs assessments, so training 
can be tailored to the needs of the professionals.6,10,12 
 Another strategy to enhance the efficiency of outreach simulation is focusing 
more on train-the-trainer courses and simulation instructor courses (SIC) to ensure 
that local instructors acquire and maintain the educational competencies and 
resuscitation skills to provide in situ simulation in their own hospitals.10,11 This 
approach probably renders such projects more sustainable, it enables local trainers 
to developed didactic, leadership, and other important skills, and it may have some 
advantages similar to peer teaching, since in-hospital instructors are in fact social 
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often than teaching of theoretical content;1,8,23 3) airway management and breathing 
support deserve far more attention than chest compressions during paediatric and 
neonatal resuscitation training, since the former skills are needed far more often 
than the latter ones.4 Adequate ventilation technique presumably averts many 
instances of chest compressions. Based on clinical and epidemiological considerations, 
it is in fact almost conceivable to introduce a ‘ventilations-only’ approach for the 
resuscitation of newborn infants (at birth).
Improving retention of knowledge and skills 
When looking at the results of our study on PBLS knowledge and skills retention 
(Chapter 4), it becomes apparent that resuscitation training can be further improved 
to ensure proper retention of cognitive and technical skills. Although it is a general 
recommendation to participate in refresher training every 3-6 months, at least for 
cardiopulmonary resuscitation (CPR) skills,24 solid evidence on the most appropriate 
time interval for retraining is currently not available. Moreover, in the light of the 
discussion on individualisation of resuscitation training (see above), we should be 
aware that optimal refresher training intervals are probably different for various 
professionals, skills, and situations. In addition to the work that is required to identify 
best practices with regard to refresher training, there is a more general need for 
high-quality research to uncover effective interventions that lead to improved 
retention of skills.25 
 While evidence is scarce on this topic, studies on skills retention have especially 
been lacking in the realm of neonatal and paediatric advanced life support.25 
According to the available studies, simulation-based interventions, booster or 
refresher training, and specific ways of delivering the course content (e.g. adding 
emotion to simulated resuscitation scenarios to enhance the psychological or 
emotional fidelity of the training experience) are methods to enhance skills retention.25 
Having some clinical experience before engaging in structured resuscitation training 
also conduces to better retention of skills, perhaps because they can be embedded 
in existing cognitive and operational schemes. Merely introducing a high-fidelity 
manikin without additional changes in content delivery does not result in improved 
skills retention.25 Parenthetically, a more elaborate discussion on the use of 
high-fidelity manikins is provided below. 
 Spaced learning is crucial, which is in line with the author’s favourite adage 
repetitio est mater studiorum. The principle of spaced learning is corroborated by 
evidence from cognitive science and studies on cognitive load.23,25,26 Although not 
very solid, available evidence suggests that spaced learning is beneficial in 
resuscitation education compared to massed learning for the acquisition and 
retention of knowledge and skills.8,23 As said, the optimal format and time interval for 
spaced sessions remain to be elucidated. There is some controversy about the costs 
desired training intervals. Our personal opinion is that individualisation of 
resuscitation training should receive priority on the agendas of resuscitation councils.
 In order to become informed about the actual needs of potential participants of 
national resuscitation courses, a survey-based needs assessment can be employed, 
in a similar fashion as described in the previous paragraph on outreach simulation. 
However, an intriguing question that remains to be answered is whether (paediatric) 
healthcare professionals are capable of performing a reliable self-assessment. In 
other words, are they able to provide an accurate impression of their training needs? 
Self-efficacy beliefs are oftentimes not adequately calibrated and clinicians may have 
an inaccurate perception of their own capabilities, sometimes underestimating their 
competence, but more frequently overestimating their proficiency.20 Professionals 
who overestimate their abilities are probably less inclined to engage in training. In 
our study on the retention of paediatric basic life support (PBLS) skills among 
paediatricians and paediatric residents (Chapter 4), we also encountered an important 
discrepancy between self-assessed competence (51%) and successful skill 
performance on a practical exam (21%). Regular ‘reality checks’ by means of in situ 
simulation training, followed by debriefing for the provision of targeted feedback, 
should be used to calibrate self-efficacy and increase self-awareness,20,21 so 
professionals are better able to estimate their capabilities and need for additional 
training in accredited resuscitation courses. 
 Several aspects of resuscitation training can be tailored to the specific needs and 
characteristics of the participating professionals, including the course content, 
duration, instructional design, and interval for recertification.22 Myriad examples can 
be provided to illustrate how individualisation can be effectuated. Training can be 
adjusted to the clinical role or profession of the candidates (e.g. nurses vs. physicians, 
paediatric intensive care specialists vs. general paediatricians), their workplace (e.g. 
university hospitals vs. general hospitals), and their specialisation level (e.g. 
consultants vs. residents). Differences in the type and amount of training offered to 
particular participants can also depend on their age (e.g. junior vs. senior 
paediatricians), their clinical exposure to resuscitation events, and their  participation 
in local training. Additional suggestions to arrive at a more differentiated resuscitation 
training programme include the following: 1) the recertification interval for the 
Paediatric Advanced Life Support (PALS) course should probably be different from 
that of the Neonatal Life Support (NLS) course, since paediatric professionals – save 
some subspecialists working in university hospitals – usually have more exposure to 
NLS in their daily work and may have more trouble with retaining PALS skills due to 
the more elaborate and heterogeneous nature of PALS. The respondents of our survey 
also indicated that they felt more competent in NLS than in PALS (Chapter 10); 2) as 
skills deteriorate faster than theoretical knowledge – a phenomenon we also came 
across in our studies (Chapters 4 and 8) – skills refreshment is probably needed more 
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efficient, inasmuch as a short booster session is provided just before the skill will be 
performed in actual practice. Some studies showed positive results of JITT,9,31,32 while 
others have demonstrated that the effects of JITT are minimal to absent.33,34 In the 
study by Nishisaki et al., a short simulation-based JIT paediatric intubation training 
session before the on-call period did not result in improved intubation success.34 On 
the other hand, in the studies by Cheng et al., the overall poor adherence to guideline 
and quality of chest compressions could be improved using JIT CPR training, consisting 
of a short video plus brief hands-on CPR practice.9,31 More conclusive evidence is 
needed to guide recommendations regarding JITT. In general, multimedia JITT 
interventions appear to be more effective than less interactive measures.32 This 
neatly aligns with our findings in Chapter 9. The training provided in the use of the 
ABCDE approach in this study was in fact a sort of JITT, and training by means of a 
video-based instruction turned out to be superior to conventional lecturing.
We should bear in mind that there is no universally accepted superior strategy to 
learn cognitive and technical skills.22 Any method involving practical training improves 
psychomotor skills.8 Education on resuscitation should incorporate various kinds of 
evidence-based learning strategies [ERC Virtual Congress 2020]. Spaced and deliberate 
practice using in situ simulation – with an ideal mix of interactive knowledge transfer, 
hands-on practice in skill stations to increase manual dexterity, and team training in 
realistic scenarios – supplemented with real-time feedback and appropriate 
debriefing, should be tailored to the individual needs of paediatric professionals to 
ensure active, motivated, and even emotional engagement in the training event. In 
combination with sufficient exposure to real-life resuscitations, this results in 
adequate learning, retention of what has been learned, and actual application in 
real-life situations.
Assessment
Validated competency assessment instruments
Instead of using locally created checklists without validity evidence, which are only 
applicable to the assessment procedure in one particular centre, region, or study, 
assessors are well advised to utilise more widely applicable and properly validated 
competency assessment instruments to evaluate paediatric and neonatal 
resuscitation skill performance, theoretical knowledge, behavioural skills, teamwork, 
and self-efficacy.35 Validated assessment tools can be employed for formative 
assessment during the learning trajectory to guide structured, item-specific feedback, 
for summative assessment at the end of the learning experience (e.g. end-of-clerk-
ship or end-of-course examination), and for research to obtain more reliable results. 
In case of formative assessment, a dichotomous scoring system should be avoided, 
since dichotomising scores causes a loss of information, which is necessary for the 
of distributed practice: some state that it is associated with increased expenses, 
while others mention that it leads to cost savings.23,26 Nevertheless, it does put a lot 
of strain on instructors and it requires a great deal of flexibility from instructors, 
candidates, and organisations. Spaced learning can even be counterproductive when 
learners become demotivated due to endless repetitions (‘overkill’).23,26 Until now, no 
studies have been conducted showing that spaced learning results in improved 
real-life resuscitation performance (Kirkpatrick level 3) or better patient outcomes 
(Kirkpatrick level 4).23
 Another strategy that may benefit skills retention is mental training, also referred 
to as mental rehearsal, mental practice, or mental imagery.27 Mental training can be 
defined as the systematic and repeated performance of procedures in a person’s 
imagination without overt physical movement.28-30 Mental training can be regarded 
as a form of internalised virtual reality. The effectiveness of this educational strategy 
has been demonstrated in the fields of professional sports, music, aviation, 
psychology, and rehabilitation medicine.27-30 Mental rehearsal appears to be 
beneficial in surgical education for technical skills training and can enhance the 
performance of psychomotor nursing skills.27-29 Lorello et al. also showed that mental 
practice can promote non-technical, team-based trauma resuscitation skills.29 The 
fact that mental practice is inexpensive, easily accessible, safe, and effective makes it 
a very attractive educational tool as an adjunct to physical, hands-on practice. The 
beneficial effects of mental training are usually more pronounced when it is offered 
as a well-structured training programme to learners who already have some (clinical) 
experience.27,28 Evidently, it is difficult for inexperienced individuals to visualise a 
performance when they are insufficiently acquainted with that particular procedure. 
In addition, for mental training to be successful, it seems advisable to use scripts, 
provide detailed instructions, incorporate sensory cues, let a mental trainer supervise 
the sessions, and offer sufficiently long and repetitive sessions.27,28 Although mental 
training has a significant, positive effect on both motor and cognitive tasks, it mainly 
benefits the cognitive component of a procedure, whereas hands-on training has a 
more positive influence on physical aspects like strength and coordination.28-30 
Mental training is obviously not intended to replace physical training, but can 
definitely be a useful supplementary tool for practice of skills in the ‘mind’s eye’ in 
between hands-on training sessions.27,28,30 As such, its potentially positive impact on 
resuscitation training and retention of skills should be explored in future studies. 
Just-in-time training (JITT) 
Just-in-time training is especially useful for high-risk, low occurrence procedures. It 
can be considered as a modality to improve guideline adherence (see below). It can 
also mitigate the problems associated with the inevitable attrition of resuscitation 
knowledge and skills over time, as described in Chapter 4. JITT can be very time-
Chapter 13
296 297
Chapter 13 General discussion and future perspectives
skip or combine items, and therefore receive lower scores, which seems to be unjust.6 
This issue is also discussed in Chapter 6. Furthermore, assessment tools are nearly 
always characterised by a compromise between different properties, such as validity, 
reliability, applicability, and feasibility. For example, elaborate scoring instructions 
probably enhance an instrument’s reliability, but reduce its feasibility. Finally, it might 
be useful to add a global rating scale (GRS) to assessment tools, such as our NISI. A 
GRS is less specific, but much easier to use, it usually captures the essence, and GRS 
scores usually correlate well with more detailed checklists.6,36 
Assessment of paediatric and neonatal life support skills
The instrument described in Chapter 3 and one other recently published tool are the 
only validated tools currently available for the assessment of PBLS.37 It is quite 
remarkable that such tools were unavailable hitherto, given the large number of 
people that has been examined for PBLS in the past. The tool issued by Hasselager et 
al. was developed using Messick’s framework for validity evidence (see below for 
more information on validity aspects) and is meant to be used for the assessment of 
laypeople,37 whereas our instrument was validated with the classical validity 
framework and is meant for the examination of healthcare professionals.36 Future 
studies may build on the work of our and Hasselager’s research groups. The two tools 
may be amalgamated into one instrument and, after refining and updating the 
eventual tool to adapt it to new guidelines and technological innovations, it can 
hopefully be provided with a high degree of validity evidence.
 Our NISI (Chapters 6 and 7) and the tools developed by Andreatta et al. and 
Johnston et al. are the only validated instruments to judge neonatal intubation 
performance.39,40 As stated in the discussion section of Chapter 7, these instruments 
could be combined to create an even better tool. An asset of our NISI is that it 
evaluates both technical and behavioural skills;6 this should ideally be retained in 
future versions of neonatal intubation competency assessment tools.
 Lately, Faudeux et al. provided a set of reliable and validated tools to assess 
technical paediatric resuscitation and emergency care skills (intraosseous access, 
bag-mask ventilation, intubation, chest compressions).41 These tools are suitable for 
skill stations, just like our NISI. In accordance with our endeavour, these authors 
managed to create tools that are concise, easy-to-use, ubiquitously applicable, and 
usable in conjunction with low-fidelity manikins. Examples of validated competency 
assessment instruments for NLS and PALS have been mentioned earlier in Chapters 
2, 3, and 6.
fine-tuning of feedback.36 That is why we developed scoring systems for our 
assessment tools that also consider partially correct skill performance. Our neonatal 
intubation scoring instrument (NISI) is predominantly trichotomous (Chapters 6 and 
7), and a differentiated scoring system is also applied to the evaluation of ventilations 
and chest compressions in our PBLS tool (Chapter 3). 
 Although various instruments have been available to assess the performance of 
resuscitation or other critical care skills, important ones were still missing, among 
which were the tools we developed as part of this project. In addition, many existing 
tools have insufficient validity evidence. The practice of using assessment instruments 
without proper validity evidence has limited value for both formative and summative 
assessment.37 A decent amount of validity evidence is particularly required for 
high-stakes summative tests, since important decisions (e.g. permission to treat 
patients, assignment of entrustable professional activities (EPAs), successful 
completion of a clerkship, passing or failing a resuscitation course) are based upon 
the outcomes of these assessments.15 Remarkably, in a systematic review on methods 
to increase skills retention after advanced resuscitation training, only 8 of the 16 
included RCTs used a published, validated tool to assess skill retention. The authors 
of the other eight studies relied on a self-made checklist, and some of them did not 
even try to internally validate the instrument that they created for that occasion.25 
 Validated assessment tools are indispensable for competency-based training 
methods, such as mastery learning, inasmuch as mastery is defined, in a practical 
sense, as achieving a certain predetermined score on an assessment instrument.6 In 
addition to their use in the assessment of cognitive, technical, and behavioural skills 
after training, these tools can be applied to determine skills at baseline and to reliably 
follow competence in time (i.e. retention of skills). Moreover, the availability of these 
tools allows for test-enhanced learning, so professionals can benefit from the intrinsic 
effects of testing.38 As stated in the discussion section of Chapter 7, assessment 
instruments can also form the basis of crew resource management (CRM) checklists 
to prepare for certain events or procedures. 
 Admittedly, checklist-based assessment tools can have some drawbacks. The relative 
importance of the items is often not translated into differentiated scores, so high 
scores can be achieved in spite of the omission or incorrect performance of critical 
steps.6 Our PBLS assessment instrument did consider the relative importance of the 
various steps within the algorithm (Chapter 3), especially recognising the dominant 
influence of ventilation and chest compression quality on resuscitation outcomes. 
For our NISI, we chose to assign equal weight to all checklist items, because we 
regarded all items as essential parts of the intubation procedure (Chapters 6 and 7). 
Another potential drawback is the fact that experts, who are able to complete a 
procedure successfully with an approach based on routine instead of the explicitly 
stepwise approach generally encountered in less experienced providers, sometimes 
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children. The large majority of clinicians uses direct visual assessment to assess CPR 
quality during actual resuscitations.42 The accuracy of visual assessment of CPR quality is 
suboptimal, but can be improved by assessing CPR from the side of the bed and ensuring 
that assessors have a lot of experience with simulated and real-life resuscitations.42 
Guidance on assessment
National and international resuscitation councils would be well advised to provide 
clear, practical, and detailed information on assessment in their guidelines. Ideally, a 
special chapter devoted to the assessment of cognitive, technical, and behavioural 
resuscitation skills will appear in future updates of the ERC guidelines. While the 
chapter itself can contain background information and guidance on the use of 
competency assessment instruments, including recommendations regarding ‘best 
assessment practices’, an appendix to this chapter should incorporate a list of tools 
with multisource validity evidence for the assessment of all the resuscitation and 
critical care skills presented in the guidelines. The inclusion of such a chapter has 
several advantages: 1) the best available tools will be selected and offered by experts 
in the field; 2) it will be easier to identify which tools are still lacking; 3) assessment 
will be standardised across hospitals, organisations, and countries; 4) valid and 
reliable assessment can be realised everywhere; 5) valid tools will become available 
for local instructors/assessors to  assess the effects of in situ simulation, instead of 
only being accessible to the faculty of national resuscitation courses; and 6) it will be 
easier to compare the educational outcomes of various training modalities, centres, 
and countries. Cheng et al. enumerated several validated assessment tools for 
different types of resuscitation and acute care training,26 including tools for neonatal 
resuscitation and PALS scenarios. However, this list is not exhaustive and it does not 
contain PBLS or neonatal intubation assessment instruments. 
Adherence
Importance of guideline adherence
There is an increasing body of evidence, albeit based on retrospective reviews, that 
adherence to resuscitation guidelines conduces to better patient outcomes (return of 
spontaneous circulation and survival with intact neurological functioning) after 
(in-hospital) cardiac arrest, mainly in the realm of advanced cardiac life support 
(ACLS).43-45 This is very important, because the demonstration that guideline 
adherence leads to better real-life resuscitation performance (Kirkpatrick level 3) and 
patient outcomes (Kirkpatrick level 4) increases the evidence base of the guideline 
recommendations, which will, in turn, boost guideline compliance, since professionals 
will become convinced of the effectiveness of the recommended interventions instead 
of adhering to their personal beliefs, attitudes, and routines (Table 4, Chapter 8). Proper 
adherence also renders the writing process and dissemination of the guidelines more 
Knowledge assessment
In our studies (Chapters 4 and 8), we also assessed PBLS-related and NLS-related 
knowledge. We noticed that there were no validated knowledge tests for PBLS and 
NLS. We learned that the test used to assess NLS knowledge in ERC courses has not 
been officially validated either. The multiple-choice tests we used in our studies were 
meticulously developed, though not formally validated. Evidently, future work is 
needed to provide assessors in PBLS and NLS courses with instruments that have 
sufficient validity evidence to allow for an adequate evaluation of paediatric 
professionals’ cognitive skills. Of note, the NLS knowledge test currently used in 
ERC-based courses should be critically appraised, for we found that the pre-course 
scores equalled the post-course results (Chapter 8). This either means that participants 
have a sufficient amount of knowledge prior to the course and do not absorb new 
information during the course, or that the test itself is not valid. 
Video-based assessment, direct visual assessment, and feedback devices
Video-based assessment of resuscitation and intubation skills was performed in the 
studies described in Chapters 3, 5, 6, 7, 8, and 9, whereas direct, real-time visual 
assessment was used in the studies reported in Chapters 4 and 7. Video-based 
assessment has its advantages and downsides when compared to direct visualisation.7 
It offers the possibility to assess simultaneously occurring events one after another. 
When in doubt about certain performances, examiners can rewind the video to 
carefully look at these activities again. They can also show the videos to others for 
advice on the most appropriate way of scoring the performances. Assessors can 
choose a suitable moment to assess the video recordings, they can use video images 
to support feedback, and they may benefit from video to evaluate learners’ retention 
of skills. When assessment instruments have many scoring instructions, it may be 
easier to assess the performances on video instead of directly on site. Furthermore, 
video is basically indispensable to determine intrarater reliability during the validation 
process. Video-based assessment is still commonly used. In a recent systematic 
review by Lau et al., 11 of the 20 included RCTs employed video to assess resuscitation 
skills.3 On the other hand, video has some limitations, for it has less visual possibilities 
than the human eye.42 Perhaps technological advancements, such as the development 
of smart cameras with automatic and rapid zoom function, can be helpful to solve 
this inconvenience. Real-time assessment is more efficient and does not require 
expensive technology. Ideally, an assessment instrument is reliable for both 
video-based and real-time assessment, as was the case for our NISI (Chapter 7). 
 For certain quantifiable skills (e.g. ventilations and compressions), it is probably best 
to use feedback devices or the recordings of computerised manikins. However, CPR 
feedback devices are hardly used in clinical care,42 especially not in neonatology and 
paediatrics, probably due to the limited number of approved devices for infants and 
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technical (regular loss of connection, only one view available for the expert) and 
methodological (using fellows instead of consultants for the consultation) 
imperfections in this study, the resolution of which might yield a more favourable 
picture for telemedicine application. Also, an appropriately adjusted communication 
style is important in this context, with short and clear verbal prompts to minimise 
interruptions due to the processing of the instructions.
• Augmented and mixed reality devices. In a study by Drummond et al.,49 paediatric 
residents wore a Google Glass and could use real-time audio-video communication 
with a remote expert during simulated CPR. This did not diminish the no-blow and 
no-flow fractions (i.e. time in cardiopulmonary arrest without ventilations and 
chest compressions, respectively), but it did improve the quality of ventilations and 
chest compressions. The resolution of technical problems and prevention of 
interruptions while asking for help or receiving instructions may also improve the 
aforesaid resuscitation ‘quantity metrics’. The use of smart or remotely controllable 
cameras with multi-perspective video images may serve a similar purpose as the 
Google Glass. Another randomised controlled simulation-based study could not 
really demonstrate the superiority of augmented reality glasses (Google Glass) 
compared to PALS pocket cards in terms of the adherence to guideline in paediatric 
cardiac arrest scenarios, save a favourable effect on the administration of the 
correct defibrillation dose.50 More research is needed to determine the effect of 
these wearable technologies on guideline adherence, resuscitation quality, and 
patient outcomes. 
• Electronic decision support tools providing audiovisual prompts. Such a tool has 
been shown to decrease the number of deviations from the Neonatal Resuscitation 
Program (NRP) algorithm during simulated neonatal resuscitations.51 Note that 
these tools mainly affect the resuscitation process, that is the execution of the 
consecutive steps of the algorithm. Technical resuscitation skills will probably be 
affected to a lesser extent, unless future technological developments will make it 
possible to connect respiratory function monitors (RFM), ventilators, and/or 
small-sized chest accelerometers to the decision support tool, so it can also be 
used as an interface for real-time feedback on performance of positive pressure 
ventilation and chest compressions. The incorporation of voice recognition software 
would be a real asset, but this is probably very difficult to realise in a safe and 
reliable way. One of the author’s colleagues (Tim Antonius, Amalia Children’s 
Hospital Radboud University Medical Center, Nijmegen, the Netherlands) has been 
involved in the development of an electronic decision support tool for clinical use. 
Once it has been manufactured, an RCT will be planned to study whether this tool 
can increase neonatal resuscitation guideline adherence during actual delivery 
room management and improve the outcomes of newborn infants who need cardi-
orespiratory support at birth. 
rewarding. Non-compliance, on the contrary, renders much of the time, energy, and 
resources spent on the composition of the guidelines rather futile. 
Possible interventions to improve adherence
Our studies confirmed that overall adherence to resuscitation guidelines is quite poor 
(Chapters 4, 8, and 9). We constructed an elaborate framework (Table 4, Chapter 8) 
with suggestions that might be helpful to improve guideline adherence. Future studies 
should investigate whether (a bundle of) interventions taken from this framework (is) 
are able to enhance resuscitation guideline adherence. These interventions range 
from cheap and straightforward to more expensive and sophisticated measures. 
Examples include the following: 
• Checklists, pocket cards, and posters.
• Video-based instruction (as described in Chapter 9) and video review sessions.
• Real-time audiovisual feedback devices, which have been shown to improve 
compression depth perception and thereby CPR quality.9,31
• Apps on mobile phones or tablets with speaker function offering guidance during 
resuscitation attempts.
• Just-in-time information (e.g. the Advanced Paediatric Life Support app recently 
released by the Dutch Foundation for the Emergency Medical Care of Children).
• Just-in-time training. In a study by Cheng et al., JITT led to better CPR depth and rate 
compliance.9 Hawkes et al. showed that a teaching app for neonatal intubation 
(NeoTube) improved neonatal intubation knowledge and skill performance.46
• Promote self-efficacy (e.g. by using peer teaching and mastery experiences); for 
example, use video laryngoscopy during endotracheal intubation training, for it 
results in mastery faster than practice with conventional laryngoscopy and it will 
probably lead to less disappointing, demotivating experiences.
• Resolve discrepancies between various (inter)national guidelines. Uniformity 
probably facilitates the recollection and acceptance of guideline recommendations 
and thereby promotes adherence. Simplicity and uniformity with other resuscitation 
societies were leading principles in the development of the 2021 ERC guidelines 
[ERC 2021 Guidelines Congress].
• Synchronous telemedicine consultations, using live audiovisual communication 
methods. Remote experts can have a helicopter view, with less stress and more 
specific expertise to add to the team. Real-time and real-life teleneonatology 
consults between a neonatologist and community-based physician improved 
neonatal resuscitation quality/guideline adherence, particularly when initiated 
soon after birth and in case of vulnerable preterm infants.47 Telemedicine also 
proved feasible in a simulation-based RCT, but teleconsultation of a paediatric 
critical care specialist was not associated with improved adherence to guidelines in 
PALS scenarios compared to telephone consultation.48 However, there were some 
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training. When providing hands-on practice in ventilations and chest compressions to 
large groups of professionals or lay persons, lower fidelity manikins are probably 
sufficient. So both manikin types have their niches; one has to select the most 
appropriate manikin based on the setting, resources, type of training, and type of 
assessment (instrument).36,53 
 High-fidelity manikins seem to have modest benefits for cognitive and technical 
resuscitation skills, although these benefits appear to be confined to the period 
immediately following training.53-56 As a result, these manikins may be employed to 
boost short-term educational outcomes by using them for just-in-time training. 
However, given the high costs of high-fidelity manikins, it can be questioned if these 
small educational gains are justified in terms of cost-effectiveness.54 As previously 
mentioned, a favourable impact of high-fidelity manikins on the longer term retention 
of knowledge and skills has not been established.54-58 Polarisation in the discussion 
about manikin fidelity may be prevented by future research into the role of medi-
um-fidelity manikins. The ‘golden mean’ may prove to be most beneficial in terms of 
educational and patient outcomes. 
 In simulation-based resuscitation training, it is important to pay attention to 
other   aspects of fidelity as well.56 In the author’s opinion, these aspects are even 
more important than the physical fidelity of the manikin used. The simulation 
experience must be realistic, not just the manikin. Realism can be enhanced by 
optimising the environmental, physiological/conceptual, and psychological/
emotional fidelity of the simulation. This can be achieved by selecting the best 
training environment (e.g. in situ simulation), choosing very realistic scenarios (which 
actually occurred on the ward) and performing them real-time with participants 
having their own professional role, and allowing emotions to evolve as in real life (e.g. 
including parental presence), respectively.59 With respect to the latter aspect, it is 
important that scenarios are well-balanced in terms of stress and emotions; some 
amount of stress is probably needed to make it ‘feel real’, but too much stress may 
thwart active engagement in the training, impede effective learning, and negatively 
affect self-efficacy.59
Peer teaching and self-efficacy
As described and demonstrated in Chapters 1 and 5, peer teaching has many positive 
effects in the context of resuscitation training, both for the learners and the peer 
instructors. Peers are able to transfer (paediatric) basic life support knowledge and 
skills as effective as attending-level instructors (Chapter 5).22,60,61 In addition to using 
peer teaching as an instructional method for basic life support education, Wagner et 
al. showed that peer teaching can also be a feasible and helpful modality for training 
PALS scenarios.61 Likewise, the 2021 ERC guidelines state that peer teaching is effective 
for advanced resuscitation training.22 Our RCT pointed out that peer teaching can also 
Remaining issues
Validity evidence
Contemporary frameworks for multisource validity evidence, such as the ones 
developed by Messick and Kane,6,26,36 are actually preferred to the classical validity 
terms used in some of our studies (Chapters 3, 6, 7, and 9), such as criterion, construct, 
and content validity. We acknowledge that contemporary frameworks address validity 
more appropriately and agree that they should be used in the planning phase of 
future validation studies. Nonetheless, we carefully retraced the validation processes 
of our assessment instruments and discovered that assessments based on our tools 
actually show evidence of validity from the various sources mentioned in Messick’s 
framework.36 The items of our tools were based on existing instruments, the steps 
described in official guidelines and scientific publications, and the input of expert 
panels; we also pilot tested the PBLS assessment tool (Content). We determined the 
intrarater reliability for our NISI and PBLS tool (Internal structure). We performed 
known groups comparisons and, with regard to the PBLS assessment tool, we looked 
at the convergence of our tool and the original Berden score,52 which both measure a 
similar construct (Relationship with other variables). In addition, we provided clear 
scoring instructions, we used adequately trained raters and a standardised 
assessment environment, and we determined interrater reliability for both tools 
(Response process). Finally, our cut-off for a fail score on the PBLS tool was justified 
by the fact that more than 15 penalty points constituted a fatal error, which was 
deemed incompatible with successful resuscitation (Consequences).
Fidelity
We deliberately developed our PBLS assessment instrument for use in conjunction 
with low-fidelity manikins, because of the wider availability of these models (Chapter 
3). According to our personal communication with the Laerdal company (Chapter 3) 
and the results of our survey (Chapter 10), paediatric professionals (and lay persons) 
predominantly use low-fidelity manikins for resuscitation training. On the other hand, 
a high-fidelity neonatal manikin was employed for the endotracheal intubations that 
were performed to assemble validity evidence for our neonatal intubation assessment 
tool (Chapters 6 and 7). In discussions about the physical fidelity of resuscitation 
manikins, it is important to realise that both low-fidelity and high-fidelity manikins 
have their uses, advantages, and limitations (see also General introduction). The 
former are more cost-effective, widely available, and can therefore be effectively used 
for mass training and resource-limited settings. The latter may be preferentially 
utilised in specialised, resource-rich settings.22 In other words, when educating 
paediatric professionals to intubate a (preterm) infant, it is probably helpful to use a 
manikin with a high degree of anatomical, physiological, and tissue fidelity, because 
a very realistic neonatal airway is crucial for this highly specialised procedural 
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possibilities, including multimedia-supported activities, gamified learning, 
animations, and virtual learning.3,4,22 Virtual reality may be a cost-effective alternative 
to traditional classroom-based, manikin-dependent, instructor-led CPR training, 
since it has the potential to reduce faculty involvement, it obviates the need to 
purchase (expensive high-fidelity) manikins, gives learners more educational 
autonomy and flexibility, and may even foster self-efficacy.65 
 However, in this era of rapid development of all sorts of novel techniques and 
devices, we should not ignore the possibility to improve (paediatric and neonatal) 
resuscitation training, assessment, and adherence with ‘low-hanging fruit’. That is, 
effective, low-cost interventions, including the measures provided in the chapter on 
resuscitation education of the 2021 ERC guidelines.22 Some prominent examples are: 
validated assessment instruments, peer teaching, measures to improve self-efficacy, 
spaced practice with refresher training every 3-6 months,8,24 cheap cognitive aids, 
simulation-based training with deliberate practice and a high level of environmental, 
conceptual, and emotional fidelity, prompts and feedback devices, state-of-the-art 
debriefing, teamwork training, using real umbilical cords to practise umbilical venous 
catheter (UVC) insertion, and, last but not least, optimal faculty development ensuring 
high-quality instructors with a broad background in medical education.4,6,22,56 After 
all, the teaching competence of the instructor has the largest bearing on learning, 
exemplified by the fact that school teachers outperformed healthcare professionals 
in transferring CPR skills.22
Recommendations for future research
In addition to the abovementioned suggestions, we would like to make the following 
recommendations for future studies in the realm of paediatric and neonatal life 
support: 
• As validation is not an endpoint, but a journey,26,36 further validity evidence may be 
assembled for our assessment tools. 
• Our assessment instruments may be updated and adjusted in accordance with new 
insights and/or guideline updates. 
• Our assessment instruments can be adapted to suit novel technological possibilities; 
for example, the PBLS assessment tool can be revised, so it can be used in 
conjunction with high-fidelity manikins, once these models have become 
ubiquitously available; the neonatal intubation scoring instrument can be modified 
to assess intubations performed  with a video laryngoscope. 
• Create electronic versions of the assessment tools developed by us and others, so 
they can be used on tablets and other mobile devices, in line with the ‘paperless 
office’ concept in many hospitals and institutions.
promote self-efficacy (Chapter 5). Wagner et al. equally demonstrated increased 
self-confidence in medical students following a peer-led paediatric simulation 
training, although they did not use a control group (trained by experts) and, strictly 
speaking, self-confidence is not the same concept as self-efficacy, as explained in 
Chapter 5.61 
 Future research is needed to elucidate whether peer teaching also favours 
self-efficacy in the long term (‘retention of self-efficacy’) and whether a high level of 
self-efficacy is associated with improved quality of CPR (and other critical care skills) 
in actual patients. Data on this latter association have been conflicting hitherto.8,19,21 
Self-efficacy mainly determines whether or not cognitive and technical resuscitation 
skills will be applied.62 As such, it can be used to estimate the probability that learning 
will be transferred to clinical care. However, it is less clear if self-efficacy also 
correlates with how (well) these skills are applied.19,21 
 Given all the advantages of peer teaching, we think that it should be widely 
implemented for (paediatric and neonatal) resuscitation training, both locally and in 
dedicated training centres, especially in resource-limited settings.60 Using peers in 
resuscitation courses may be one way to save costs and ensure the succession of 
instructors in the future. Since peer instructors are not as experienced as senior 
instructors and they may need help in answering difficult questions or solving 
technical problems,60,61 it may be an option to arrange a construction with back-up 
assistance on request, so the junior instructor can get telemedical supervision from 
the senior instructor using audiovisual communication devices. 
Technological advancements versus low-cost interventions  
It is probably a matter of time before video laryngoscopy becomes widely available, 
not only in neonatal and paediatric intensive care units, but also in emergency 
departments and on regular wards in general hospitals. Apart from its use in patient 
care, it can then be employed for procedural training and assessment of neonatal and 
paediatric endotracheal intubation, which may contribute to the improvement of 
intubation skills among general paediatricians and paediatric residents. The laryngeal 
mask airway (LMA) has been incorporated more explicitly in the NLS algorithm of the 
2021 ERC guidelines.63 As mentioned by Trevisanuto et al., small-sized LMAs for 
preterm infants should be developed and tested for feasibility.64 An LMA insertion 
assessment tool can subsequently be designed and validated.
 Other technological advances, such as 3D-printed manikins, eye-tracking 
software, and mobile phones or wearables (smart watches) with accelerometers 
providing real-time feedback on CPR quality, may change the landscape of resuscitation 
(education) in the future.4,7 Furthermore, the coronavirus pandemic has recently 
given a tremendous impetus to digitalisation. This will most likely also change the 
practice of resuscitation training and assessment, with various digital and online 
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Research data management 
This thesis is based on the results of human studies, which were conducted in 
accordance with the principles of the Declaration of Helsinki. The medical and ethical 
review board Committee on Research Involving Human Subjects Region Arnhem Nijmegen, 
Nijmegen, the Netherlands ruled that formal ethical approval was not necessary to 
conduct the studies reported in Chapters 3, 4, 5, 8, 9, and 10, inasmuch as study 
participants were not exposed to medical interventions. The validation studies for 
the neonatal intubation scoring instrument, which are reported in Chapters 6 and 7, 
were performed at the Center for Advanced Pediatric and Perinatal Education (CAPE), 
Stanford University, Palo Alto, California, United States. They were approved by the 
Institutional Review Board at Stanford University.    
 The digital data collected during this PhD project at the Radboud University 
Medical Center (Radboudumc) and at CAPE were stored on the secured O-drive of the 
Radboudumc Amalia Children’s Hospital (O:\Onderzoek\Promotieonderzoek MBinkhorst). 
The paper data were safely stored in the personal archives of Mathijs Binkhorst or his 
coworkers. 
 All data will be saved for 15 years after termination of this thesis (April 1st, 2021). 
Using these data in future research is only possible after a renewed permission by the 
participants as recorded in the informed consent. The datasets analysed during these 




Voor u ligt datgene, wat niet alleen op grond van inspiratie, doch zeker ook met de 
nodige transpiratie tot stand gekomen is. Er is echter niets mis met noeste arbeid. 
Immers: nil sine magno vita labore dedit mortalibus (Het leven heeft de stervelingen 
niets geschonken zonder grote inspanning – Horatius, Sermones). Voor mij is het 
 promotietraject een meander gebleken, welke slingerde door een wetenschappelijk 
landschap, met aan de ene kant een reeks grillige bergtoppen, die bedwongen moest 
worden, en aan de andere kant gerieflijke weiden, waarin mijn soms door tegenslagen 
en frustraties getergde geest haar gemoedsrust kon hervinden, zodat ik telkenmale 
met hernieuwd elan de volgende uitdagingen tegemoet kon treden. Steeds bleef 
gelukkig die horizon in zicht, het eindpunt van mijn wetenschappelijke reis. Dat 
eindpunt is bij dezen bereikt en daar ben ik erg verheugd over. Met het eindresultaat 
ben ik ook bijzonder content. Hoewel ik mij, toegegeven, enkele malen heb gestoord 
aan de conventies en tamelijk rigide keurslijven van het medisch-wetenschappelijke 
publicatieproces, kijk ik thans vooral met voldoening terug op een uitermate leerzaam 
traject, dat me veel heeft gebracht en hopelijk nog het een en ander zal brengen in de 
toekomst. Dit aangaande sluit ik me volledig aan bij de gedachte perfer et obdura, 
dolor hic tibi proderit olim (Duld en draag, dit lijden zal u eens tot voordeel zijn – 
Ovidius, Amores). 
Getuige de begin- en einddatum van mijn promotietraject, is er enige tijd overheen 
gegaan, alvorens het onderhavige proefschrift gecompleteerd kon worden. Ten eerste 
hebben bepaalde omstandigheden in de voorbije jaren daaraan bijgedragen: het 
afronden van twee opleidingen, de geboorte van en gezellige nachten met mijn twee 
lieve dochters, klinische en  onderwijsverplichtingen, een pandemie en gezondheids-
kwesties bij personen in mijn nabije omgeving. Ten tweede is het, met het oog op de 
publicatie van mijn onderzoek, lastig gebleken om studies met een thematiek, die het 
midden houdt tussen resuscitation, medical education, neonatology en paediatrics, 
onder te brengen bij de vakbladen, die meestentijds een wat strakker omschreven 
niche hebben. De voornaamste reden voor dit enigszins geprotraheerde promotietra-
ject houdt niettemin verband met een bewuste keuze mijnerzijds, namelijk de 
principiële overweging dat ik gedurende het traject niet aan ‘schuttersputjes’ en 
scientific cocooning wenste te doen. Ik wilde mij graag ook zo goed mogelijk kunnen 
blijven inzetten voor gezin, afdeling en maatschappij in plaats van mij uitsluitend dan 
wel grotendeels te concentreren op de wetenschap. 
Vanzelfsprekend heb ik dit werk niet alleen volbracht. Een proefschrift is toch een 
soort ‘wetenschappelijk kindje’ en, zoals men in Afrika pleegt te zeggen, it takes a 
village to raise a child. Of, zoals de Romeinse geschiedschrijving mij heeft geleerd: 
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favoriete stijlfiguur, de praeteritio, te gebruiken in dit proefschrift). Daarnaast heb je 
mijn ontwikkeling als arts-onderwijzer aan alle kanten ondersteund en heb je mij als 
zodanig tot volle wasdom laten komen. Voorts heb je mij natuurlijk met al je wijsheid, 
je kritische blik en je kenmerkende stijl van een zeer fijne begeleiding voorzien tijdens 
mijn promotietraject. Ik ga de kernachtige, met twee vingers getypte e-mails wel 
missen. Ik vind het werkelijk waar bewonderenswaardig hoe veerkrachtig en toegewijd 
jij je hebt betoond de afgelopen tijd, ondanks enkele flinke tegenslagen qua 
gezondheid en carrière. Klaarblijkelijk ook een aanhanger van mijn devies: luctor et 
emergo (Ik worstel en kom boven). Ik zou je één welgemeend advies willen meegeven: 
na al je altruïstische inspanningen in de voorbije jaren is het from now on Jos Draaisma 
first! Voor mij ben je geen hoogleraar, maar de hoogste leraar. Tot in het einde der 
tijden zal ik verkondigen dat ik een discipel van Draaisma ben geweest. Het gaat je 
goed, Jos.
Dr. A.F.J. van Heijst, beste Arno, over ‘er zijn op belangrijke momenten’ gesproken, zo 
één was jij er ook. Je was (mede) verantwoordelijk voor het feit dat ik aangenomen 
werd als anios, fellow en staflid. Ik mis je nog steeds als gerespecteerd afdelingshoofd, 
maar bovenal als zeer fijne en betrokken collega, of zal ik gewoon zeggen als vriend. 
Wat men er ook over te zeggen heeft, jouw vertrek van onze afdeling is een grote 
aderlating geweest. Voor alles is een plaats en tijd, maar het moge hier in ieder geval 
zonder enige schroom opgemerkt worden dat ik het betreur dat we je niet als collega 
hebben kunnen behouden. Je hebt altijd het hart op de juiste plaats en bent nooit te 
beroerd om voor de goede zaak op te komen. Je inbreng in het kader van mijn promo-
tieonderzoek was keer op keer erg waardevol, vooral ook omdat je de manuscripten 
vaak doorlas vanuit het perspectief van de lezer en de reviewer. Het was een enorme 
gunst, dat je mij toestond om dit onderzoek te doen, ofschoon het afweek van de 
destijds ingeslagen onderzoekslijn van onze afdeling. Samen de marathon van 
Rotterdam lopen was leuk, jammer alleen dat we elkaar zo weinig hebben gezien. Voor 
mij was het toen ook een ware uitputtingsslag. Je moet me alleen nog een keer 
uitleggen hoe het kan dat jij, de man die zoveel verstand heeft van inhalatiegassen 
(o.a. iNO), niet wist dat je als smurf kan praten door het inademen van helium. Het 
leverde in ieder geval een amusant diner op, die avond in Newcastle. Dank voor alles! 
Prof. dr. W.P. de Boode, beste Willem, als ‘papa beer’ van onze afdeling kan ik niets 
anders dan goeds over je vertellen. Je bent een topclinicus en je hebt je, sinds je eigen 
promotieonderzoek, tamelijk verdienstelijk gemaakt op wetenschappelijk gebied. 
Maar voor mij prevaleert toch altijd dat je zo’n aimabel persoon bent, vol goede zin, 
enthousiasmerend en stimulerend, gul lachend en immer strevend naar de juiste zorg 
met een goed gevoel voor de menselijk maat. Mocht je carrière als neonatoloog een 
keer eindigen, weet dan dat je als fervent verhalen- en moppenverteller zo aan de 
concordia parvae res crescunt (Door eendracht worden kleine dingen groot, oftewel: 
Eendracht maakt macht – Sallustius, Bellum Iugurthinum). Met andere woorden, er 
hebben vele mensen bijgedragen aan deze fraaie bundel. Hopende niemand over het 
hoofd gezien te hebben, wil ik hieronder degenen, die mij ondersteund en geholpen 
hebben, op gepaste wijze bedanken voor hun bijdrage en inzet. Mocht ik onverhoopt 
toch iemand vergeten zijn, laat het me weten en ik zorg voor bloemen en chocolade. 
Voor de ingewijden: een smoothie kan ook.  
Dr. M. Hogeveen, beste Marije, hoewel ik beschik over een redelijke vocabulaire, moet 
ik toch erkennen dat woorden welhaast tekortschieten om voldoende duidelijk te 
maken hoeveel je voor mijn klinische en wetenschappelijke carrière alsook mijn 
persoonlijke ontwikkeling hebt betekend. Ik heb al eens, in het kader van de RIHS-ver-
kiezing ‘supervisor van het jaar’, tezamen met een aantal collega’s een op een lofrede 
gelijkend stuk tekst aan het papier toevertrouwd, waarin je daden geprezen werden. 
Je bent – samen met mijn lieftallige echtgenote – één van de meest oprechte 
personen, die ik ken. Soms zelfs een tikkeltje orthodox. Je doet wat je zegt, je bent 
zeer betrouwbaar en een lichtend voorbeeld qua enthousiasme, inzet en doorzet-
tingsvermogen. Met een luisterend oor en veel eerbied voor ieder individu en diens 
persoonlijke wensen en overtuigingen, weet je steeds aan te sluiten bij zijn of haar 
ideeën, passende adviezen te geven en te motiveren om het beste uit elke situatie te 
halen. Zo ook bij mij. Je hebt me gedurende het gehele promotietraject fantastisch 
begeleid. Je hebt me aan de hand genomen en wegwijs gemaakt in de wereld die 
medische wetenschap heet. Soms nam je me ook mee naar Barcelona of Gent, een 
enkele keer zelfs naar een dubieus etablissement in Duitsland. Het is ook erg prettig 
dat je beschikt over de nodige statistische kennis. De eerlijkheid gebiedt me namelijk 
te zeggen dat dat nog immer een lacune bij mij is. Op enig moment in de toekomst 
hoop ik die lacune nog eens weg te nemen. Onze fijne samenwerking kon waarschijnlijk 
ook tot stand komen door de vele gemeenschappelijke interesses: neonatologie, 
medisch onderwijs, reanimatiekunde, simulatietraining, hardlopen, fitness, mooie 
woorden en fraaie zinsneden. Dank voor je tomeloze inzet en je niet aflatende 
vertrouwen in mij. Ik hoef hier gelukkig niet te zeggen dat ik onze samenwerking ga 
missen, want ik ga er geheel en al vanuit dat die nog wel een tijdje voortduurt.  
Dr. J.M.T. Draaisma, beste Jos, ook jou ben ik eindeloos veel dank verschuldigd. Diverse 
keren heb je een sleutelrol in mijn medische loopbaan gespeeld. Blijkbaar zijn 
personen met de initialen ‘J.D.’ belangrijk voor mij. Je bent als opleider verantwoorde-
lijk geweest voor mijn opleiding tot kinderarts. Ik kon altijd bij je aankloppen voor 
overleg en advies. Het is absoluut overbodig om hier te memoreren aan het feit dat jij 
de onbetwiste geneeskundig opleider van het afgelopen decennium bent geweest in 
Nederland; dat weet iedereen (maar ik wilde de kans niet onbenut laten om mijn 
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niet zelden moederziel alleen, teksten uit te typen. Maar goed, het was voor een 
belangrijk doel. Zeer veel dank dat ik mijn werk als arts zo gedegen kan uitvoeren 
door jullie inspanningen en faciliterende optreden. Iedereen weet dat een arts niets 
is zonder verpleegkundigen en ondersteunend personeel. Ik heb geprobeerd een 
kleine wederdienst te bewijzen door betrokken te geraken bij de discussie inzake de 
verpleegkundige functiedifferentiatie en het toekomstbestendig verplegen, maar dat 
staat in schril contrast met de steun en toeverlaat die jullie al circa 10 jaar voor mij 
geweest zijn. Ik hoop oprecht dat er positieve veranderingen gaan komen ten aanzien 
van jullie werkomstandigheden, met name de werkdruk. Daar waar mogelijk, wil ik 
graag een steen bijdragen. 
Secretariaat kindergeneeskunde en perinatologie, beste Sandra, Heidy, Marianne 
van Uden, Marianne Poos, Emma, Maaike, Frederique, Corrie, Loes en anderen, ik 
vind het heel prettig dat ik altijd op jullie kan bouwen en terugvallen, zeker omdat ik 
van nature niet begiftigd ben met een overmatige dosis aan organisatorisch talent en 
verfijnd agendabeheer. Omdat Jorine mij niet 24 uur per dag aan van alles kan 
herinneren, heb ik gelukkig jullie ook nog. Zonder gekkigheid: mijn waardering voor 
jullie hulp, advies, administratieve en logistieke ondersteuning is groot! Mocht ik ooit 
beweren dat iets niet klopt, twijfel dan eerste aan mij, dan pas aan jezelf. Dat wil 
zeggen, als het over dingen regelen gaat, hè. Van baby’s beter maken heb ik gelukkig 
wel enig verstand.  
Dhr. T.L.M. Peeters, beste Theo, ik noem je hier toch even apart, Theo. Dat verdien je. 
In de eerste plaats, omdat je dezelfde naam hebt als mijn vader, dat schept toch een 
band. Daarnaast vanwege je onverzettelijke werk, je benaderbaarheid en bereidwillig-
heid. Ook toon je altijd interesse in mij en mijn gezin. Je bent een ware steun op het 
skills lab en zorgt er altijd voor dat ik kan beschikken over de juiste materialen. Ja, op 
de afdeling natuurlijk ook! Veel dank. 
Collega kinderartsen (in de academie en periferie) en arts-assistenten, dank aan de 
kinderartsen, omdat jullie mij opgeleid hebben tot de arts die ik nu ben en omdat 
jullie nu zulke fijne collega’s zijn. Prof. dr. M.A.A.P. Willemsen, beste Michèl, de manier, 
waarop je de vakgroep kindergeneeskunde momenteel runt, verdient veel lof, in ieder 
geval van mijn kant. Je bent waarlijk een verbindend leider. Dank aan de arts- 
assistenten, omdat jullie zo veel werk verzetten, niet alleen overdag, maar vooral ook 
’s nachts. Ga met dat laatste vooral door! Dat creëert een hoop rust, vooral voor mij. 
Meer filosofisch benaderd, vind ik het fijn dat jullie er zijn in het kader van de zingeving 
aan mijn werk: ik help en onderwijs graag mensen en aan jullie mag ik dit prachtige 
vak leren. Medisch-inhoudelijk ben ik jullie dankbaar voor het feit dat jullie mij scherp 
houden door goede, kritische vragen en opmerkingen. Ga ook daar mee door. 
slag kan. Fijn dat je als kersverse professor mijn promotor wilde zijn en ik zie uit naar 
een nog jarenlange, uiterst prettige samenwerking op de ‘leukste afdeling van 
Nederland’. 
Leden van de manuscriptcommissie, beste prof. dr. S.N. de Wildt, prof. dr. A.B. te Pas 
en prof. dr. A.D.C. Jaarsma, hartelijk dank dat u zich zo degelijk heeft ingespannen om 
mijn thesis te beoordelen en van waardevol commentaar te voorzien. 
Studiedeelnemers, uiteraard ben ik u allen veel dank verschuldigd. Zonder uw 
bijdrage zouden deze onderzoeken niet gerealiseerd kunnen worden. Ik ben u daarom 
allen zeer erkentelijk.
Huidige en voormalige collega neonatologen, fellows, physician assistants en 
verpleegkundig specialisten, beste Tim, René, Sabine, Viola, Maresa, Katerina, 
Robin, Djien, Marjolijn, Rosa, Irma, Joanne, Elske, Tessa, Bertie, Arno, Marije, Willem, 
Paul, Milou, Sandra, Lloret en Petri, wat ben ik gezegend door de mogelijkheid om 
met jullie te mogen samenwerken. Dit onderdeel zou veel te lang worden als ik jullie 
allen individueel de hemel in ga prijzen, maar weet a.u.b. dat ik jullie stuk voor stuk 
beschouw als zeer fijne collega’s en vrienden. Zoals in elk team zijn er soms wat 
strubbelingen, maar meestentijds functioneren we als een hecht gezelschap, dat 
gezamenlijk acteert met één gemeenschappelijk streven: de beste zorg voor iedere 
pasgeboren baby. En daar slagen we mijns inziens behoorlijk goed in. Mag ik dat zo 
zeggen? Ja, dat mag ik zo zeggen. Of iets met WC-eend. Hoe dan ook: dank dat ik jullie 
collega mag of mocht zijn en dat jullie mij de gelegenheid hebben geboden om aan dit 
promotieonderzoek te werken. Voor al die keren dat jullie je in het zweet hebben 
moeten werken op de afdeling en dat ik rustig stukjes zat te schrijven in de concen-
tratiewerkruimte ben ik jullie zeer erkentelijk. Go team!
Collega perinatologen, dank voor de plezante samenwerking en jullie interesse in mijn 
klinische en wetenschappelijke werkzaamheden. Uiteraard ook dank voor de goede 
zorg voor alle moeders en ongeboren baby’s, scheelt mij en mijn collega neonatologen 
een hoop werk. Misschien is het een leuk idee om nog eens samen te gaan bowlen, 
hoewel jullie daarbij wel in het voordeel zijn, gezien de daarvoor benodigde handelingen!
Collega’s van de neonatologie, beste verpleegkundigen, voedingsassistenten, zorg-
assistenten, medisch maatschappelijk werkers en afdelingssecretaresses, mochten 
jullie willen weten waarom ik soms zo weinig op de afdeling was de laatste tijd, 
voilà. Zie hier de reden. Ik moest hard werken aan mijn werkstuk. Uiteraard is het vele 
malen verkieslijker om met jullie samen te werken in het behaaglijke klimaat van 
de neonatologie afdeling dan om in een niet goed warm te krijgen werkruimte, 
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Statistici, beste dr. ir. N. Roeleveld, dr. M. Jonker, dr. P. Vart, dr. ir. J. in ’t Hout en 
drs. T. de Haan, hartelijk dank voor jullie onmisbare hulp bij de statistische analyses. 
Zelf was ik daar een stukje minder ver mee gekomen (hoewel ik Marije wel tot mijn 
beschikking had).   
Mijn ouders, broer en zus, lieve Theo, Ineke, Christian en Lisette, wellicht klinkt het 
wat pathetisch, maar toch wil ik bij dezen laten weten dat ik ongelooflijk dankbaar ben 
voor de fijne jeugd die jullie mij hebben gegeven en alle liefde en ondersteuning die 
ik ook na vertrek uit het ouderlijk huis ben blijven ontvangen. Jullie zijn er altijd voor 
mij geweest en hebben mij gevormd tot de plichtsgetrouwe en vriendelijke persoon 
die ik nu ben. Dat is geenszins bedoeld als onbescheiden schouderklopperij, maar 
veeleer als eerbetoon aan wat jullie voor elkaar gekregen hebben. Het is fijn leven in 
de wetenschap dat je kunt teren op een fantastische opvoeding en kunt terugvallen 
op liefdevolle naasten zoals jullie. Dank voor alles!
Mijn schoonfamilie, nichtjes en neefje(s), lieve Chris, Marian, Marieke, Peter, Robin, 
Sander, Vera, Nuray, Dilan en Alisa, dank dat ik altijd in jullie gezellige midden mag zijn. 
Nu ik deze kloeke bundel af heb, word ik wellicht nog gezelliger.
Mijn gezin, lieve Jorine, Silke, Imme, Oidi en Mandu, wat maken jullie mijn leven toch 
mooi en compleet! Jorine, ik denk dat je een wedstrijdje oprechtheid met Marije kunt 
doen, jullie eindigen waarschijnlijk ex aequo aan de top. Je bent een geweldige, lieve 
vrouw, die opzienbarend veel ballen tegelijk in de lucht kan houden, bijzonder goed 
kan regelen en organiseren, goed voor haar naasten en de maatschappij zorgt, 
een voortreffelijke docente is voor haar leerlingen en met een positief kritische blik 
de zaken kan bekijken. Het is een voorrecht om jou aan mijn zijde te mogen hebben. 
Bovenal ben je een zeer liefdevolle moeder, waar Silke, Imme en ik zeer trots op zijn. 
Silke en Imme, dank dat ik jullie papa mag zijn. Een vader kan zich waarlijk gelukkig 
prijzen met zulke vrolijke, pientere en lieve dochters als jullie. Kus. Oidi, je was een 
lieve poes. Mandu, miauw.
Acta est fabula (Het stuk is uit).
P.S. Nogmaals veel dank!
Wetenschappelijke stagiairs, beste Michelle, Marjolein, Yvet, Eva, Romy, Lindie en 
Irene, deze thesis was hoogstwaarschijnlijk niet of veel later tot stand gekomen 
zonder jullie omvangrijke bijdragen. Jullie hebben zeer veel werk verricht, wat gelukkig 
beloond is met een wetenschappelijke publicatie met jullie naam erboven. Romy en 
Marjolein, veel succes met jullie onderzoek, maak er iets moois van! Inge, het was erg 
prettig dat je hebt geholpen met het schrijven van het survey artikel. Groeten aan alle 
gemoedelijke mensen in Groningen.
Medisch studenten, Maartje van Gisbergen en Hilde Haagsma, ik wilde toch even 
kwijt dat ik het zeer knap vind, hoe jullie binnen korte tijd een aantal geweldige 
e-learnings hebben afgeleverd, waar onder andere Marije en ik in de toekomst nog 
veel profijt van zullen hebben. Hulde!
Mede-onderzoekers, beste Romy, Kioa, Wouter, Anne en Pippa, dank dat jullie mij af 
en toe gezelschap hielden in de onderzoeksruimte. Ook al moest ik soms monnikenwerk 
doen, ik voelde me in jullie aanwezigheid dan in ieder geval geen kluizenaar. Kioa, 
dank dat je mij inzichtelijk hebt kunnen maken welke invloed de toestand van 
patiënten heeft op de kosten van de gezondheidszorg. 
Mijn paranimfen, beste Rosa en Lisette, veel dank voor jullie steun! Leuk dat jullie 
mij terzijde willen staan tijdens die o zo spannende plechtigheid, waarbij ik nuttige dingen 
over mijn promotieonderzoek moet zeggen. Hopelijk krijgen jullie een fraaie rol 
toebedeeld bij deze aangelegenheid. Rosa, je bent in één woord een topcollega! Blijf 
vooral wie je bent, dat is goed voor de wereld. Lisette, je bent mijn allerliefste zus! 
Collaborators from Stanford, dr. N.K. Yamada and dr. L.P. Halamek, dear Nicole and 
Louis, I would like to extent my gratitude for your valuable contributions to the two 
papers that were written and published based on the research Romy and Lindie 
conducted at CAPE. You contributed importantly to the conceptualisation and design 
of the studies and, of course, to the performance of the research and collection of the 
data. During the writing process, you did not only provide very useful comments and 
suggestions, but also helped me to report the findings eloquently. I really appreciated 
your help and look forward to visit your facility in the future.
Degenen, die in de ontwikkelingsfase feedback hebben geleverd op de score- 
instrumenten en de survey, ben ik eveneens zeer erkentelijk. Dit waren: prof. Patrick 
Van de Voorde, dr. Nigel Turner, prof. dr. Lia Fluit, drs. Mieke Latijnhouwers, 
drs. Michiel Kornelissen, dr. Marieke de Visser, drs. Petra Bot, dr. Joris Fuijkschot, 
dr. Ester Coolen, dr. Jaime Smal en drs. Moniek op de Coul. Dankzij jullie inbreng kon 
ik gebruik maken van gedegen instrumenten tijdens mijn onderzoek. 

